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Introduction
Poor people living in less-favoured areas (LFAs) represent globally
around 40% of the rural population suffering from chronic poverty.
Given the limited agricultural potential and difficult access conditions in
these areas, standard devices for enhancing rural development cannot
appropriately address issues of poverty alleviation and sustainable
natural resource management. Escaping from the downward spiral of
poverty and resource degradation requires the identification of suitable
pathways enabling rural households to develop production systems and
livelihoods that respond to local conditions (Pender et ah, 2001a, b;
Pender, 2004; Hazell et ah, 2006).
The diversity in agroecological settings and the heterogeneity amongst
rural households pose particular challenges to rural development. Instead
of a one-size-fits-all strategy, a far more targeted approach is required to
exploit the comparative advantage of different resource management
strategies for particular types of households and communities (Ruben and
Pender, 2004). Moreover, attention needs to be paid to the incentives and
governance regimes that enable farmers to adjust their production systems
and livelihoods in order to guarantee both welfare and sustainability
objectives. Identifying the right combination of public and private
investment efforts oriented towards sustainable intensification of farming
systems and rural livelihoods is of fundamental importance for attaining
such win-win options.
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The chapters included in this book provide an overview of research
conducted within the framework of the collaborative research
programme on 'Regional Food Security Policies for Natural Resource
Management and Sustainable Economies' (RESPONSE). This programme
has been jointly managed by the Graduate Schools for Social Sciences
and Production Ecology and Resource Conservation of Wageningen
University, The Netherlands, in cooperation with the International Food
Policy Research Institute (IFPRI), Washington, DC, USA. The programme
aimed to identify strategic options for agricultural and rural develop-
ment in less-favoured areas and policy instruments that enhance rural
households' investments in improved and sustainable natural resource
management. Fieldwork is conducted in different LFA settings in
Eastern Africa (Ethiopia, Kenya and Uganda) and South-east Asia
(Bangladesh, Philippines and China) in cooperation with local partner
institutes.
Development pathways for less-favoured areas demand careful
adjustment of resource use strategies at field, farm-household and village
level, looking for a portfolio of activities and technologies that guarantee
food security and input efficiency. Given the asymmetric market access,
due attention should also be given to options for reducing income
inequality and resource degradation and potential pathways for escaping
spatial poverty traps. Targeting of incentives towards resource-poor
households may be required to guarantee both higher factor returns and
improved land management. Therefore, institutional strategies for
reducing transaction costs tend to be critically important for enhancing
investments and enabling income diversification.
The remainder of this chapter is devoted to a discussion of: (i) the
strategic interactions between natural resource management options; (ii)
farm-household livelihood strategies for welfare and risk; and (iii) the
surrounding market and institutional conditions for simultaneously
enabling poverty reduction and sustainable land use. We start with a
definition of the main characteristics of LFAs, followed by an analysis of
the interactions between poverty and resource degradation in LFAs.
Hereafter, the biophysical, micro- and macroeconomic dimensions of
LFA development are discussed in order to provide insight in the
complex interfaces between agroecological options, household drivers
for change and effective incentives for resource use adjustment. We
conclude with some major implications for policy and research
concerning strategies for sustainable poverty reduction in less-favoured
areas.
What are Less-favoured Areas?
LFAs are usually defined in terms of fragile agricultural resource base
and/or limited access. An additional dimension for characterizing LFAs
refers to the population dynamics. Contrary to common expectations,
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some LFAs — especially upland areas — have high population densities.
This may be caused by historical migration (highlands as a refuge area
free of malaria and other diseases and pests) or by socio-economic
reasons (smallholder expulsion towards hillsides due to limited access
to secure land). In addition, permanent or temporary migration of family
members to other areas leads to an unbalanced population structure,
characterized by high dependency rates. This is further reinforced by the
decline in mortality that precedes the decline in fertility (Lipton, 2005).
The demographic transition foreseen for many developing countries is
likely to be delayed in LFAs.
Based on the FAO/World Bank classification of farming systems
(Dixon et al., 2001) and associated demographic and ecosystems data
(Wood et al., 1999), LFAs account for some 1.2 billion (42%) of the total
3 billion people living in the developing world. Poverty affects globally
around 1.2 billion people, 75% of them living in rural areas. Of these
900 million rural poor, about 360 million live in LFAs. This is equivalent
to 30% of the global poor and 40% of the total rural poor living in
developing countries (see Fig. 1.1). This population is mostly con-
centrated in the highlands and drylands of Asia and sub-Saharan Africa,
although there are substantial numbers of poor people also in LFAs of
Latin America (especially in the Andes Mountains and the hillsides of
Central America).
Many disadvantaged social groups are concentrated in LFAs (Cleaver
and Schreiber, 1994; Bird et al., 2002). These include: (i) women and
female-headed households facing unequal opportunities for access to
land, education, employment and asset ownership, while male migration
results in the feminization of agriculture and a further increase in
women's work burden; (ii) landless farmers that depend heavily on
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Fig. 1.1. Distribution of poor people in the developing world (from Ruben etal., 2003).
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poorly remunerated seasonal employment and temporary lease and
sharecropping contracts; (iii) indigenous people who have lost their
traditional land rights due to the encroachment hy migrants in forest
areas; (iv) forest dwellers in mountain areas who have become deprived
of rights of collection; and (v) fisheries communities that derive their
livelihood from capture fisheries along the coastal strips (mostly
combined with cropping and off-farm activities) and are threatened by
over-exploitation of fishing grounds due to increasing population
pressure, undefined property rights and competition from commercial
fishing.1
For all these reasons, LFAs are a significant part of the human
development challenge facing the world community. In addition, they are
also a significant part of the global environmental challenge. Land
degradation concentrates in LFAs, accounting for about 40% of the total
agricultural area in developing countries, including most of the areas with
fragile soils. Soil erosion due to deforestation and reduced fallow periods
affects some 20% of the total land area in developing countries and is
heavily concentrated in LFAs. Population pressure, land fragmentation
and limited access to inputs all lead to declining yields, and remoteness
and the lack of services further aggravate poverty.
Deforestation is occasioning every year 14—15 million ha of forest
cover loss in developing countries. Subsistence farming in LFAs is by far
the most important driving factor, accounting for about 60% of total
deforestation (FAO, 1997). Soil fertility mining is endemic in many
LFAs, especially in areas with poor infrastructure and market access.
Rainfed systems suffer from water stress and soil erosion, overgrazing
and soil compaction. Agricultural production and yields are low due to
very limited use of inorganic fertilizers, erratic rainfall and seasonal
moisture stress. In addition, migratory livestock keeping is causing major
property rights conflicts. Finally, biodiversity loss - both rare crops and
traditional landraces - is loss occasioned by the expansion of traditional
cropping, grazing and fuelwood collection into forests, wetlands, parks
and other environmentally valued sites.
Poverty in LFAs
Most studies of rural poverty agree that, globally, there are larger
numbers of poor people living in more favourable environments, simply
because more people live in such environments (Ryan and Spencer,
2001; TAC, 2001; FAO, 2002). These global estimates are supported by
country-level data from Kelley and Parthasarathy Rao (1995) in India,
Renkow (1993) in Pakistan and Reardon et al. (1992) in the West African
semi-arid tropics, where the absolute numbers of poor were greater in
high-potential rainfed and irrigated areas.
However, there is debate about whether the incidence and severity
of poverty is greater in LFAs than in more favourable environments
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(Renkow, 2000; Fan and Chan-Kang, 2004). Evidence is limited on the
spatial distribution of poverty in most countries, although the evidence
available indicates that, in many cases, poverty is more prevalent and
severe in LFAs, though this is not universal (Kelley and Byerlee, 2003).
Asia
In China, the incidence of poverty is far greater in the low-potential
remote upland areas than in the coastal region (IFAD, 2002). Almost
all of the 65 million people officially recognized as income-poor in the
late 1990s lived in remote and mountainous rural areas (UNDP, 1997).
Although the proportion of households below the national poverty
line is less than 1% in the urban areas of Beijing, Shanghai, Tianjin
and Guangdong, it is 20% or more in Inner Mongolia and Qinghai (De
Haan and Lipton, 1998). One study found that more than 60% of the
rural poor live in low-potential areas, and that the share of the
national total living in such areas has increased since 1986 (Fan et al.,
2002).
Several studies in South-east Asia found poverty to be greater in
LFAs, but also that other factors are important. For Vietnam, a household
survey in the early 1990s showed that poverty was concentrated in the
northern uplands and in the northern part of the central highlands, hilly
areas that are far from large cities and the coast and having large ethnic
minority populations (Minot, 2000). Although poverty declined rapidly
between 1993 and 2002 throughout Vietnam, poverty remains highest in
the north-west and central highlands (Swinkels and Turk, 2004).
There is wide variation in poverty rates within poor provinces. For
example, in the northern uplands region, poverty rates range from 6% in
Quang Ninh to nearly 80% in Lai Chau. The incidence and depth of
poverty is greatest among ethnic minorities in Vietnam (their poverty
rate was nearly 70% in 2002) (Swinkels and Turk, 2004). Other key
factors contributing to poverty in these upland regions are: (i) small farm
size; (ii) dependence on forest land and consequent land tenure
insecurity; (iii) low education levels; (iv) limited access to health care;
and (v) low public spending on investments and services in these areas
(Swinkels and Turk, 2004).
In Indonesia, there is a high concentration of poverty in Java,
particularly in the limestone hills of Central and East Java (IFAD, 2002).
Poverty is also extremely prevalent on Madura in areas far from urban
centres, and in fishing villages along the coasts of West and East Java
(IFAD, 2002). In the Philippines, the incidence of poverty is 61% in the
uplands compared with 50% in the lowlands (IFAD, 2002). In a study of
poverty and environment linkages in Cambodia and Lao People's
Democratic Republic, Dasgupta et al. (2003) found a positive association
(correlation = 0.30) between poverty incidence and areas with steep
slopes across provinces in Laos, with high incidence of poverty -
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especially in the northern upland region. In Cambodia, by contrast,
poverty is concentrated more in flatter lowland areas (Dasgupta et al.,
2003).
In South Asia, the relationship is more mixed. For India, Fan et al.
(2003) found that the rural poor were increasingly concentrated in
rainfed areas, with a relatively equal proportion in high- versus low-
potential rainfed areas. There is a high degree of variability in the
incidence of rural poverty across states in India, ranging from 15% in
Punjab to 66% in Bihar in 1993/1994 (IFAD, 1999). There is also
substantial variation within states. For example, in Maharashtra poverty
incidence ranges between 24 and 38% in the coastal and western regions
to 62-66% in the northern and eastern regions (IFAD, 1999). In the
Himalayan belt, the largest increase in poverty between 1987/1988 and
1993/1994 occurred in West Bengal, followed by Assam Hills, Arunachel
Pradesh and Manipur (IFAD, 1999). Most of these areas are dependent
on rainfed agriculture, some have suffered from political unrest and
many contain a large number of ethnic minorities. These findings
indicate the importance of social and political as well as geographic
factors in determining poverty in India.
In Pakistan, the incidence of food poverty in 1990/1991 was highest
in rural areas of the South Punjab region, in contrast to low poverty rates
in the neighbouring Punjab region of India (IFAD, 2002). The high level of
poverty in the Punjab region of Pakistan is attributable to highly unequal
access to land, indicating that poverty is affected by other factors besides
agricultural potential and access to markets and infrastructure.
Recent poverty mapping work in Bangladesh found that the pockets
of high poverty coincided with ecologically poor areas, including the
low-lying depression area in the north-east, the drought-prone area on
higher land in the north-west, several subdistricts on the fringes of major
rivers and several of the south-eastern subdistricts, including the
Chittagong Hill Tract (Kam et al., 2005). Despite the importance of
some agro-ecological conditions in explaining poverty in Bangladesh
(especially the prevalence of highland, low or very low-lying land and
heavy soils), socio-economic factors — especially education, but also
including access to infrastructure (roads, irrigation and electricity) and
landlessness are the strongest predictors of poverty (Kam et al., 2005).
Africa
Several studies have also shown greater incidence and severity of
poverty in LFAs of Africa. For example, the incidence of poverty is
much greater in northern Uganda than in the rest of the country, where
access to markets, infrastructure and biophysical conditions are more
favourable (UBOS, 2003). Besides these geographic factors, however,
insecurity and political marginalization are important reasons for poor
performance in the northern region (Zhang, 2004).
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In Kenya, income per capita is much higher in the central highlands,
with their favourable agroclimatic conditions and access to the Nairobi
market, than in the western highlands, which are more remote (Place et
cil., 2006b). Household wealth (proxied by houses with a metal roof) is
significantly greater in rural areas of Kenya having higher rainfall or
closer to an urban area (Place et al., 2006a).
In the northern Ethiopian highlands, changes in average wealth, food
availability and ability to cope with drought during the 1990s were more
negative in areas further from towns, in more densely populated rural
areas and at higher elevations, while more favourable outcomes occurred
in communities where road access had improved and where perennial
production was important (Pender et al., 2001a, c). Within the less-
favoured northern Ethiopian region of Tigray, however, differences in
household endowments of human, social and physical capital were
found to be more significant determinants of household income per
capita than were geographic factors such as average rainfall or access to
markets (Pender and Gebremedhin, 2006; Tesfay et al., Chapter 7, this
volume).
Latin America
In Latin America, some studies also show greater poverty in LFAs. In
the southern Andes region, rural poverty is significantly greater in the
mountains than in other regions of the same countries (Walker et al.,
2000).2 In Peru, for example, the incidence of rural poverty (using the
nationally defined poverty level) averages about 80% in the less-
favoured Sierra and Selva regions compared with less than 60% in the
coastal region, while rates of chronic malnutrition are more than twice
as high in the Sierra as in the coastal region (Escobal and Valdivia,
2005).
In Honduras, 92% of households in hillside areas (studied by Jansen
et al., Chapter 6, this volume) were found to be extremely poor (with
income per capita < US$l/day) compared with the national rate of
extreme poverty of 60% for all rural households. Within hillside areas,
dependence on subsistence basic grains production, which is the
livelihood strategy with the lowest income per capita, is greater in areas
having lower rainfall, poorer road access and higher population density
(Pender et al., 2001b; Chapter 6, this volume). Controlling for livelihood
strategies, differences in rainfall and market/road access have limited
impact on incomes, and other factors - including soil fertility, ownership
of physical assets and participation in agricultural training programmes
- are more important determinants of income (Jansen et al., 2006).
These results demonstrate not only that poverty is often more
common and more severe in LFAs than in more favoured areas, but also
that the social and political context and household level factors such as
ethnicity, human, physical and social capital also have very important
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impacts on poverty. Hence, there is great diversity in the incidence and
severity of poverty within LFAs, and strategies to address poverty in
these areas must therefore be adequately targeted, taking this
heterogeneity into account (Ruben and Pender, 2004).
Natural Resource Degradation in LFAs
Degradation of natural resources is a severe constraint to LFA
development. Major problems include the folowing: (i) deforestation; (ii)
soil degradation; (iii) increasing water scarcity and resulting declines in
natural capital stocks and agricultural productivity; (iv) increasing
poverty and vulnerability; and (v) environmental damage (losses of
biodiversity, reduction in carbon sequestration in soils and plant
biomass, sedimentation of rivers and reservoirs, flooding and other
environmental impacts).
Land degradation in drylands3 (or 'desertification', as defined by the
United Nations Convention to Combat Desertification (UNCCD)) and in
sloping highlands is a particularly severe problem in LFAs. According to
the widely cited Global Assessment of Soil Degradation (GLASOD) study
(Oldeman et al., 1991), which used expert judgement to assess the extent
and severity of soil degradation globally between 1945 and 1990, 14% of
all used land globally was seriously degraded4 during this period, but
the incidence of degradation was substantially higher in Central America
(31% of used land), Africa (19%) and Asia (16%) (Oldeeman et al.,
1991).
Soil erosion by water or wind was the major source of this degradation,
causing serious degradation of 25% of used land in Central America, 16%
in Africa and 15% in Asia. Other forms of soil degradation, including
chemical degradation (soil nutrient depletion, salinization, acidification
and pollution) and physical degradation (compaction, sealing and crusting,
waterlogging and loss of organic matter) were estimated to affect
substantially smaller areas in all regions, including light as well as serious
degradation (6% in Central America, 5% in Africa and South America and
3% in Asia).
The results of the GLASOD study did not focus on specific agro-
ecological zones, but there are good reasons to expect that the incidence
and severity of soil degradation was substantially higher in the drylands
and sloping highlands of Africa, Asia and Latin America than was
estimated for these continents as a whole. Given the lack of vegetative
cover during periods of high rainfall and high winds in drylands, and the
steep slopes in many highlands, water and wind erosion are generally
much more severe in these regions than in other regions.
A comprehensive study of land degradation in drylands by Dregne
and Chou (1992) found even higher incidence of land degradation in
drylands, estimating that more than 70% of drylands in Africa, Asia and
Latin America were degraded, including 73% of rangelands, 47% of
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rainfed croplands and 30% of irrigated croplands. That study estimated
that more than one-third of irrigated land in Asia and more than one-half
of rainfed land in Africa and Asia had experienced at least a 10% loss in
productive potential due to land degradation, and that over one-half of
the rangelands in these regions had experienced more than 50% loss in
potential productivity. Based on Dregne and Chou's estimates, Crosson
(1995) estimated an average loss (weighted by value of production) for
the three land uses to be about 12%, though the loss was much higher
for rangelands (43%) than for irrigated or rainfed cropland.
Numerous studies have assessed soil degradation in specific regions
or countries. In a study of soil degradation in South and South-east Asia
that replicated the methodology of Oldeman et al. (1991), but using more
detailed data, Van Lynden and Oldeman (1997) found that the problems
of soil nutrient and organic matter depletion, salinization and
waterlogging were much greater than estimated in the global assessment,
though they still concluded that soil erosion was the most widespread
source of degradation. They estimated that agricultural activity had
caused degradation of 27% of all land in the region, while deforestation
had affected 11% and overgrazing played a minor role.
Studies in China have estimated significant negative effects of land
degradation (mainly erosion in sloping areas) on crop productivity,
estimating that erosion reduced rice yield growth by 12% during the late
1980s and early 1990s, and reduced production of maize, wheat and
cash crops by up to 20% in north China (Huang and Rozelle, 1994,
1996). For India, Sehgal and Abrol (1994) synthesized available soil
survey data and concluded that more than one-half of the land was
suffering from moderate to severe degradation (most of this in less
favoured areas) and, on 5% of the land, degradation was so severe that
the soils were unusable.
In Africa, Dregne (1990) found compelling evidence of serious land
degradation problems (productivity losses of at least 20%) in subregions
of 13 countries. Lai (1995) estimated erosion rates for the continent and
found that about one-quarter of the land was affected by moderate to
severe erosion (particularly in the highlands), estimating that the average
crop yield loss in 1989 due to past erosion in Africa was about 8%,
reducing annual cereal production by about 8 million tons, root and
tuber production by 9 million tons and pulse production by 0.6 million
tons.
Many studies have found evidence of high soil erosion levels and
impacts in particular African countries, with most focusing on highland
areas in eastern and southern Africa or dryland areas in southern or
western Africa (FAO, 1986; Stocking, 1986; Hurni, 1988; World Bank,
1988, 1992; Bishop and Allen, 1989; Convery and Tutu, 1990; Ehui et al.,
1990; Bojo, 1991, 1996; Norse and Saigal, 1992; Pagiola, 1993; Sutcliffe,
1993; Grohs, 1994; McKenzie, 1994; Bishop, 1995; Bojo and Cassells,
1995; Eaton, 1996; Sonneveld, 2002). The on-site immediate produc-
tivity costs of erosion estimated by these studies vary widely, from less
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than 1% to as high as 55% of agricultural GDP, though in most studies
estimated annual losses were less than 10% (Bojo, 1996; Enters, 1998;
Scherr, 1999a; Yesuf et al., 2005].
Several studies have also estimated rates of soil nutrient depletion in
Africa. Stoorvogel et al. (1993) estimated average annual nutrient losses
in Africa of 22 kg/ha of nitrogen (N), 2.5 kg/ha of phosphorus (P), and 15
kg/ha of potassium (K); and much higher rates of depletion in the
densely populated and erosion-prone countries of eastern and southern
Africa (especially Ethiopia, Kenya, Malawi and Rwanda).
High rates of soil nutrient depletion have also been found by
numerous studies conducted at lower scales in several African countries,
most of these also in highland or dryland areas (e.g. Van der Pol, 1992;
Smaling et al., 1997; Baijukya and De Steenhuijsen Piters, 1998; Bationo
et al., 1998; Defoer et al., 1998; De Jager et al., 1998, 2004; Elias et al.,
1998; Folmer et al., 1998; Shepherd and Soule, 1998; Van den Bosch et
al., 1998; Wortmann and Kaizzi, 1998; Gitari et al., 1999; Onduru et al.,
2001; Gachimbi et al., 2002, 2005; Woelcke, 2003; Nkonya et al., 2004,
2005a; Abegaz, 2005), although high rates of nutrient depletion are not
universal (Muchena et al., 2005).
Few studies have quantified the productivity impacts of soil nutrient
depletion in Africa. A long-term experimental trial in Kabete, Kenya, of
18 years of continuous maize production in absence of nutrient inputs,
showed a decline of maize yields from 3 to 1 ton/ha (Bekunda et al.,
1997). Other long-term experimental studies in sub-Saharan Africa show
that, under continuous cultivation using low external inputs, soil
fertility rapidly decreases and yields decline, and that a combination of
inorganic and organic sources of soil fertility is necessary to sustain crop
production (Juo and Kang, 1989; Vlek, 1990; Swift et al., 1994; Bationo et
al., 1998). A few recent studies estimated the replacement costs of lost
nutrients as averaging about one-fifth of farm income in several districts
of Uganda (Nkonya et al., 2005a, b) and one-third of farm income in
three Kenyan districts (De Jager et al., 1998).
Many of the studies of land degradation in Africa and elsewhere are
based on expert opinion (e.g. Oldeman et al., 1991) or on assumptions
and relatively few plot-level trials (Stoorvogel et al., 1993). However,
recent advances in remote sensing and ground survey methods have
substantiated the existence of significant land degradation at landscape
scale. For example, use of near infrared spectrometry to assess soil
quality and land degradation over wide areas has been able to provide
evidence of the extent of degradation in the Nyando River Basin of
Kenya. Cohen et al. (2005a) found that about 56% of the land was
moderately to severely degraded. Further research combining measured
soil degradation with estimated effects on crop yields (Cohen et al.,
2005b) calculated the costs of soil erosion at the national level in Kenya
to be equivalent to 3.8% of GDP. Evidence from laboratory analysis of
changes in soil properties from sample plots in small farmers' fields in
Uganda that were resampled 40 years after an earlier soil survey (Ssali,
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2003) also supports the view that soil fertility has declined in East
Africa.
For Latin America, Oldeman (1998) estimated that agricultural
productivity was 37% lower in Central America and 14% lower in South
America as a result of soil degradation, based on the results of Oldeman
et al. (1991). Lutz et al. (1994) estimated that, over a 10-year period
without conservation measures, maize yields would decline in hillsides
of Honduras by 20-25%, maize and sorghum yields would decline in
Haitian hillsides by 60%, bean yields would decline by 20-25% in the
Dominican Republic, coffee yields would decline by 10% in the Costa
Rican highlands and cocoyam yields would fall to zero in the human
lowlands of Costa Rica.
Cuesta (1994) estimated that uncontrolled erosion in Costa Rica would
reduce highland coffee yields by one-half within 3 years and to zero
within 20 years, highland potato yields by 40% over 50 years and lowland
cocoyam yields by more than one-half in the first year and to zero by the
fourth year. Solorzano ef al. (1991) estimated the replacement costs of soil
nutrients lost annually due to soil erosion in Costa Rica, and estimated
this cost to be in the range of 5-13% of agricultural GDP. For Mexico,
Mclntire (1994) estimated that soil erosion reduced maize production by
an average of about 3%, but with losses as high as 12% in some states, and
losses being especially high in the highlands and semi-arid regions.
Many of these estimates probably overstate the impact and cost of
soil erosion, however, since they do not consider farmers' mitigation
efforts. For example, Pagiola and Dixon (1997) found that farmers in
hillside areas of El Salvador perceived significant erosion problems on
most of their sloping fields, but also that severe, long-term productivity
declines were expected by farmers on only 16% of steeply sloping fields
and 5% of moderately sloping fields.
In the past decade, several critics have challenged the generality,
methodology, accuracy and motivations of many studies commonly cited
in the literature concerning the extent and impacts of land degradation,
especially in Africa. Several studies question the extent of land degra-
dation, providing examples of particular cases where land conditions
have improved in recent history (Tiffen et al., 1994; Fairhead and Leach,
1996; Leach and Mearns, 1996; McCann, 1999) or evidence that earlier
land conditions (e.g. forest cover) were not as favourable as previously
thought (McCann, 1999). Some studies argue that land degradation is
highly context specific, acknowledging that land degradation is a
problem for some farmers in some places and times, but arguing that the
problem is not as universal as sometimes claimed.
Some studies critique the methods used by agronomists and others
to estimate land degradation as being conceptually flawed, subject to
large errors and driven by political motives (e.g. Stocking, 1996; Bassett
and Crummey, 2003; Keeley and Scoones, 2003; Fairhead and Scoones,
2005). For example, the common practice of scaling-up estimates of soil
erosion based on plot level measurements and models to larger national
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or regional scales may overstate the impacts of erosion by orders of
magnitude, since most of the soil eroded from particular plots is re-
deposited in nearby fields (Stocking, 1996). Several studies deconstruct
and critique the 'Malthusian narrative', which predicts that land
degradation is the inevitable result of population pressure and poverty
and suggests that drastic action by governments is required to address it
(Hoben, 1995; Leach and Mearns, 1996; Bassett and Crummey, 2003;
Keeley and Scoones, 2003). Most of the authors in this tradition argue
that greater appreciation of farmers' knowledge and ability to adapt and
innovate is needed, as well as greater understanding of the local
historical, political and sociocultural context.
Some of these criticisms are well-founded (Koning and Smaling,
2005). Land degradation is certainly not an inevitable consequence of
population growth or of poverty, the relationships among these and other
factors are complex and context dependent, and there are many
examples of sound land management practices being practiced by small
farmers in many developing countries. Nevertheless, there are many
studies that document serious degradation, and some of the studies
questioning the importance of land degradation also suffer from
methodological flaws, such as ignoring sources of soil nutrient outflows
that are difficult to quantify (Koning and Smaling, 2005).
Much of the evidence on land degradation is synthesized in the
recently completed Millennium Ecosystem Assessment (MEA, 2005).
The preponderance of evidence supports the view that land degradation
is indeed a very serious problem, especially in the less-favoured
drylands and highlands of Africa, Asia and Latin America.
Heterogeneous Resources and Mixed Farming Systems
Less-favoured areas have gained little from past agricultural successes
and suffer widespread poverty and resource degradation. They include
lands that are of low agricultural potential due to limited and uncertain
rainfall, poor soils, steep slopes or other biophysical constraints, as well
as areas that may have higher agricultural potential but which are
presently under-exploited due to limited access to infrastructure and
markets, low population density or other socio-economic constraints.
Most LFAs are mountain regions ('uplands', see Jansen et al.. Chapter 6,
this volume) or arid and semi-arid zones ('drylands', see Assefa and Van
Keulen, Chapter 5, this volume).
They can be defined more fully on the basis of the predominant
farming systems. Table 1.1 outlines the six major farming systems that
encompass most of the LFAs in developing countries. These systems are
defined according to resource use regimes (CGIAR/TAC, 2000) and to a
recent assessment of poverty incidence in tropical farming systems by
FAO/World Bank (Dixon et al., 2001). These farming systems cluster into
dryland and upland farming systems, and together comprise about 40%
Sustainable Poverty Reduction in Less-favoured Areas 13
Table 1.1. Predominant farming systems in less-favoured areas (based on FAO-World
Bank, 2001).
Agro-ecological
zone
Highlands/upland
areas
Drylands/
arid areas
TOTAL
Production system
Perennial/tree crops
Shifting cultivation
Mixed cropping
Migratory herding
Agro-pastoral
Mixed rainfed
Share of developing
countries' rural
population
3
2
24
6
4
3
42
Share of developing
countries' agricultural
land
2
5
9
12
8
4
40
Note: estimates based on FAO expert judgements (Delphi method).
of the agricultural land area and 42% of the rural population in the
developing world.
We discuss the dominant farming systems in LFAs for identifying the
available options for reinforcing their productivity and sustainability (see
also Lopez-Ridaura et a/., Chapter 2, this volume). Development strategies
for sustainable resource intensification in LFAs need a careful adjustment
of resource use at field, farm-household and village levels, looking for a
portfolio of activities and technologies that guarantee input efficiency and
labour productivity. Major characteristics and typical constraints of each
of these LFA farming systems can be illustrated as follows.
Highlands and upland areas
Perennial and tree crop systems
These systems are found in the East African highlands, Central American
and Andean hillsides and South-east Asian uplands. They include crops
like banana, plantain, coffee, cocoa and multi-purpose trees, interplanted
with food crops like cereals and cassava, and combined with small-scale
animal husbandry. Cereals, roots and tubers are the main staple, while
tree products and off-farm activities provide some cash income. Major
limitations are soil fertility, scarcity of good planting material and high
establishment and maintenance costs. In many cases, lack of market
outlets and insecure property rights constrain agroforestry development.
Many indigenous peoples are dependent on these farming systems.
Upland shifting cultivation
This is found in the forest margins of East and Central Africa and South-
east Asia. It is based on the annual clearing of bush fields for the cultivation
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of food crops (maize, sorghum and cassava) and their subsequent recovery
under fallow. The slash-and-burn system is severely threatened by
shortened fallow, typically driven by increasing human population and
encroachment into forest margins by sedentarized cultivators, occasioning
soil erosion and nutrient depletion. Recovery periods become longer and
returns to agricultural activities continuously decline. Poverty is further
aggravated by remoteness and the absence of service provision.
Mixed cropping system
Mixed upland cropping systems are found in the semi-humid highland
areas of Southern Africa, the South-east Asian uplands and in Central
America, and are based on the intercropping of cereals, in rotation with
legumes, beans, tubers and pulses. Farmers use animal traction for land
preparation and rely on crop residues and mulching for soil fertility
management. Upland rice systems increasingly suffer from decreasing
water efficiency and salinity problems. Other major constraints are low
soil fertility and high seasonal labour demands. Distance is prohibitive
for further market integration.
Drylands and (semi-)arid areas
Migratory herding
This is found mainly in the arid areas of sub-Saharan Africa, the Middle
East, North Africa and Central Asia. It is based on transhumant
pastoralism with mixed herds of cattle, camels, sheep and goats that
depend on the availability of grass, water and crop residues in
neighbouring arable systems. Critical management issues relate to animal
health care and scarce feed availability, especially during periodic
droughts. Socio-economic differentiation is considerable and many
herders lose their stock to drought or theft. Opportunistic grazing by
sometimes externally controlled herds leads to conflicts over land and
water rights with agricultural communities.
Agro-pastoral systems
These are found in the semi-arid regions of sub-Saharan Africa, the
Middle East, North Africa and South-east Asia. They are based on the
integration of cropping and livestock activities. Major components
include linear agroforestry arrangements, production of fodder crops,
manure recycling and use of animals for land preparation and transport.
Sections of the animal herds may seasonally migrate to semi-humid
areas. Farmers use early-maturing and drought-resistant crop varieties
and grain storage for overcoming the dry period. The system is
vulnerable to frequent crop failure, shortage of animal feed, large grain
price variations and the periodic collapse of livestock prices.
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Rainfed mixed cropping
This is found in Central and Southern Africa, South Asia, the coastal
part of North Africa, north-east Brazil and the Yucatan peninsula in
Mexico. It is based on seasonal cultivation of food and cash crops, using
locally available resources. Sorghum, millet, maize and barley are major
food crops, providing stubble grazing by animals after the harvest; cattle,
sheep and goats provide the major part of cash income. Water shortages
and soil fertility decline limit yields. Crop harvests are also seriously
affected by weed infestation (Striga). Problems of unequal land
distribution and poor market linkages lead to chronic poverty.
Farming systems development in LFAs
Local experiences with sustainable agricultural intensification offer
some promising perspectives for simultaneously improving resource
management and generating stable income streams to rural households
living in LFAs. We outline six major strategies for pro-poor sustainable
intensification in highland and dryland areas, focusing on their potential
for adoption by poor farmers in different LFA settings (see Table 1.2).
Particular attention is given to the identification of local economic
incentives and the knowledge infrastructure that should be in place to
facilitate the process of upscaling of sustainable agricultural practices in
LFAs.
Agroforestry
Agroforestry systems supply rural households with a wide range of
products for domestic use and sales, including food, fruits, medicine,
Table 1.2. Technology options for LFA production systems intensification (from Hazell et
al., 2006).
Farm management Agro- Nutrient Plant Water Livestock Seed
practices forestry manage- protection manage- and and
ment ment pastures biotech
Farming systems
Highland and upland areas
Perennial tree crops • •
Shifting cultivation • • • •
Mixed cropping • • • • •
Semi-arid and dryland areas
Migratory herding •
Agro-pastoral • • • •
Mixed rainfed • • • •
Source: Hazell et al. (2006)
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feed and fodder, fuelwood and timber, and also provide environmental
services, such as erosion control and moisture conservation. Prospects
for establishing agroforestry systems are particularly high in fragile
hillsides and semi-arid lowlands where the benefits of annual cropping
are low and risky (Neupane and Thapa, 2001).
Agroforestry can offer attractive returns to poor farmers. In the
Dhading district of Nepal, where planting of multipurpose trees almost
doubled net returns to farming at only slightly higher costs, including
the additional income from fodder, fuelwood and timber. Short-rotation
improved fallow with Sesbania species as green manure crop in densely
populated hillside areas of Western Kenya had little effect on cereal
yields but led to savings in weeding labour, thus offering farmers options
for engagement in off-farm employment (Swinkels and Franzel, 1997).
Other benefits from agroforestry systems include the added value from
woody and non-timber forest products (NTFPs). For Cameroon, the
commercial value of NTFP almost doubles farmers' incomes (Leaky and
Tchoundjeu, 2001). Especially women in homestead and community
areas frequently manage mixed-tree systems with fruit and woody
species.
Soil conservation programmes in dryland areas rely on linear
forestry arrangements (windbreaks and shelterbelts), while contour
hedgerows are applied on moderate slopes, and agroforestry and mixed
trees on steeper slopes. Soil fertility and nutrient uptake in mixed
cropping systems benefit greatly from intercropping with leguminous
trees. In sub-Saharan Africa, the combination of agroforestry with
phosphate rock applications substantially improves nitrogen uptake and
crop yields (Sanchez and Jama, 2002). Land reclamation through
agroforestry is done with multipurpose trees, fodder shrubs and grasses,
usually assisted by biomass transfers and specific soil conservation
measures (ridge tillage) on sloping lands. In Tobora district in Tanzania,
rotational woodlots assist farmers in generating substantial income while
at the same time conserving large forest areas (Ramadhani et al., 2002).
Agroforestry contributes to the reduction in the pressure of shifting
cultivation and the control of erosion through more permanent land
cover.
Agroforestry systems that are particularly interesting to poor farmers
in LFAs include those that have low establishment and maintenance
costs, face limited competition with other activities and exhibit high
synergy effects for enhancing soil fertility and water storage capacity.
Moreover, expected returns should become available after a short period,
and stable market outlets need to be accessible when a marketable
surplus is produced.
Although most agroforestry research has focused on semi-humid
hillside regions, tree crops that have a high drought tolerance also
represent an interesting component of agro-pastoral development in
dryland areas. Trees that enhance synergy with arable or pastoral activities
can contribute to both sustainability and profitability of mixed farming
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systems. Current initiatives in agroforestry seek the domestication of trees
in order to integrate indigenous species into tropical farming systems
(Wiersum, 1997; Leaky and Tchoundjeu, 2001).
Most promising results in agroforestry are reached with fast-growing
tree species [Tephrosia, Sesbania) incorporated in improved fallow systems
for maize and vegetables (Western Kenya and Eastern Zambia), drought-
resistant trees (pistachio, almond) used for soil moisture upgrading and
fodder provision in the semi-arid regions of Tunisia, living fences used in
the marginal drylands of the Sahel and Central America and contour
farming on acid soils in the uplands of the Philippines. Techniques like
alley cropping, hedgerow intercropping and community woodlots are less
easily adopted by smallholder farmers due to their high labour or input
costs.
The adoption of agroforestry technologies typically depends on local
resource endowments, the opportunity costs of land and labour, and
market and institutional conditions. Where population density is high,
fallow periods are decreasing and, when farmers perceive a decline in
soil fertility, improved tree fallow has a great potential (Franzel, 1999).
In more densely populated areas, forestry is feasible only with rapidly
growing varieties and high-value by-products. Adoption of hedgerow
technologies has been rather limited because short-term returns are too
small and rather uncertain (Nelson et al., 1998). Contour farming with
natural vegetative strips - although less effective for reducing soil
erosion — can be a better alternative due to its lower establishment costs
and reduced maintenance requirements (Garrity, 2002).
Soil nutrient management
Farmers' soil fertility management practices include a wide variety of
agronomic, biological and mechanical measures to reduce soil and water
erosion, reinforce soil fertility and soil structure and to safeguard soil
biological processes. These measures enhance the availability and
efficient uptake of soil nutrients, and reduce water constraints. Strategies
for Integrated Nutrient Management (INM) rely on the combination of
appropriate organic and inorganic fertilizer applications, soil and water
management practices, and agronomic and soil conservation measures to
increase yields and maintain the ecosystem stability of the environment
(Vanlauwe et al., 2002).
High nutrient deficits are registered in subsistence-oriented rainfed
cropping systems that use almost no fertilizers and are located in more
remote areas. Agricultural yields in sub-Saharan Africa are severely
limited due to very low inorganic fertilizer use (on average only 8 kg/ha
compared with 107 kg/ha in all developing countries). Sustained
treatments with only inputs of organic matter (green or animal manure,
crop residues) are usually not sufficient to halt declining yields. Soil
replenishment with phosphate rock in West Africa could increase crop
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yields by 20-30% (Diop, 2001). Farmers are somewhat reluctant to use
phosphate rock given the high investment costs and detrimental effects
on health (Kuyvenhoven et al., 1998).
The impact of soil and water conservation measures on farmers'
income varies strongly between different settings. In the Sahelian
countries, simple and low-cost technologies (e.g. earth bunds, vegetation
strips, windshields) that retain soil nutrients and reduce erosion
contribute to slightly higher (and more stable) yields and higher income
(De Graaff, 1996; Reij and Steeds, 2003). In Northern Africa and in the
East African Highlands regions, land management is more focused on
soil and water conservation, and agronomic measures (intercropping,
agroforestry) proved to be able to provide win-win solutions with
reduced erosion and increased productivity (Shiferaw and Holden,
1999).
On the steep hillsides of the Chiapas region in Mexico, the
combination of conservation tillage and crop mulching increased net
returns to land and labour by 13 and 28%, respectively (Erenstein,
1999). In the Central American hillsides, average smallholder maize
yields were three to nine times higher after a period of 10—22 years
relying on cover crops and green manure (velvet beans) as a method for
improving soil fertility (Bunch, 2002). Intensive training and support for
these programmes has been provided by local NGOs, and diffusion took
place through a 'farmer to farmer' methodology. Recent studies point,
however, to dis-adoption of green manuring due to plant diseases and
difficulties in adapting to changing agroecological conditions.
Population density, rainfall and market orientation influence the
scope and feasibility of specific soil fertility measures (Scoones and
Toulmin, 1999). Crop diversification, terracing and INM practices are
used mainly in high population density highland regions like western
Kenya and north-east Nigeria. Grass-strips, contour bunds, composting
and manure are applied in more remote locations in the south-west
Ethiopian highlands and the central region of Malawi. Mixed farming
systems with strong crop—livestock integration become a feasible option
in rainfed regions with a regular population density. In the semi-arid
regions with lower population densities and variable rainfall, labour-
extensive silvopastoral and improved fallow systems offer feasible
alternatives.
Even within the same region, adoption of soil and water conserva-
tion (SWC) measures is unequally distributed amongst households. In
Atacora district in north-west Benin, larger farmers with cattle and
commercial crops used improved fallow, chemical fertilizer and manure
for soil fertility management, while small farmers with more food crops
used more labour-intensive crop residue management options to
maintain soil fertility (Mulder, 2001). Less-endowed households benefit
substantially from programmes for indigenous SWC technologies, like
water harvesting (tassa) in Niger, rectangular ridges (sagan) in Nigeria
and bench terraces in Togo (Reij et al., 1996).
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Plant protection
Pests and diseases lead to high crop loss at different stages of the
production process. Postharvest losses in farm level storage typically
represent 2-8% of the production weight, while losses in storage and
transport are about 3-7% (Boxall, 2001). In tropical areas, plant diseases
and pest infestation strongly limit the harvested output until reaching
complete crop failure. Post-harvest losses can be equally large. Pest
incidence in LFAs is most relevant in semi-intensive cropping systems
that face water stress or nutrient limitations typical for poor farmers, and
is best controlled through cultural practices that maintain pests at a
controllable level.
Conventional synthetic pesticides tend gradually to lose their
effectiveness and concerns are growing regarding the detrimental health
and environmental effects. Integrated pest management (IPM) strategies
for cereals and cassava crops have been developed that use a
combination of biological, cultural, genetic and chemical techniques to
maintain pest populations below an economically damaging level
(Swinton and Williams, 1998). IPM programmes that reduce pest
problems while minimizing environmental damage are potentially win-
win strategies.
Plant protection measures by poor farmers in LFAs are mostly based
on local techniques. Due to high variability, site-specific pest manage-
ment techniques are needed. Crop rotation and intercropping are the
most commonly used plant protection devices. Labour shortages that
lead to low-intensity weeding may increase the vulnerability to pests
and diseases. Most recommended IPM strategies for combating pests in
maize, beans and pigeon pea in southern Malawi, like inorganic
fertilization and weeding for Striga control, and mulching for controlling
bean stem maggot, require considerable labour or cash inputs and are
thus less accessible to poor farmers. Poor farmers tend to select simple
and low-cost IPM methods (Chaves and Riley, 2001), and measures based
on varietal resistance, botanical seed dressing, biological control with
fungi and trap crops have a large potential for being adopted by
resource-poor farmers (Orr and Jere, 1999).
Water management
Poor farmers in semi-arid areas suffer from water shortages and declining
water quality. Competition for water by different stakeholders asks for
improved efficiency in water use through appropriate systems for water
allocation and management. Participatory planning of resource use at
watershed level enables the selection of appropriate water conservation
practices and makes significant contributions to agricultural
productivity, natural resource conservation and poverty alleviation (Kerr
et al, 2001).
20 Rucrd Ruben et al.
Water-harvesting techniques like small dunes and planting pits
(tassa) are widely adopted by smallholders in Niger. Within the
framework of the IFAD-funded Soil and Water Conservation Project,
within 4 years 46% of the farmers had applied the new techniques in
small areas of 0.9-1.4 ha. Training and extension, and food-for-work
rations (in dry years), tools and community infrastructure have
supported rapid dissemination (Hassane et al., 2000). Surface drainage
with broad-beds and furrows is widely used in the central highlands of
Ethiopia to protect crops from waterlogging (Deckers, 2002). Given the
climate change projections, rainfall variability in sub-Saharan Africa
tends to increase, and cropping periods may become shorter (Dietz et al.,
2004). Consequently, demand for micro-irrigation and further
improvement of water harvesting strategies is of primary importance
(Rosegrant and Perez, 1997).
Small-scale, farmer-controlled irrigation programmes that use simple
and low-cost technologies of river diversion, lifting with small (hand or
rope-)pumps from shallow groundwater or rivers, or seasonal flooding,
are successful in Africa, Central America and the Andes region. In
Zimbabwe, low-cost indigenous water management systems for dambo
gardens managed by individual farmers on land allocated by local
communities allow flexible water management, based on shallow wells
and water channels between beds. Initial investments (US$500/ha) are
four to 20 times lower than for conventional gravity irrigation, while
returns are twice as high because high-value horticulture crops are
grown instead of grains (Rukuni et al., 1994). Dambo gardens are about
ten times more productive than dryland farming, prevent erosion and
protect downstream water flows, and can relieve pressure on upland
resources. Dambo gardens now cover about 15,000—20,000 ha in
Zimbabwe (compared with 150,000 ha of formal irrigation) and there is a
potential to develop another 60,000 ha.
Programmes for integrated aquaculture require only limited amounts
of land and show highly positive returns, but require access to stable feed
sources from animal or chicken manure, garden and kitchen waste.
In Malawi, the vegetable—garden—pond system generates annually
US$14/100 m2, compared with US$l-2 for cropping activities (Brummett,
2002). In addition, income from fishponds is more stable and compensates
in adverse years for losses in crop income.
Livestock and pasture management
Livestock production is considered as an attractive device for supporting
simultaneously objectives of poverty reduction, food security and
environmental sustainability (De Haan ef al., 2001). In LFAs, the dual
function of livestock as a production and a stock-keeping activity
contributes to both income and wealth. The latter function is especially
important in parts of sub-Saharan Africa, providing a source of savings
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and a buffer against calamities (Fafchamps et al., 1998). Livestock
provides a relative high share of income to the rural poor, including
landless farmers (Delgado et al., 1999). Proteins and calories from animal
products are a critical supplement to the rural diet. Women play a
predominant role in the marketing of livestock products. Given the low
labour requirements of livestock keeping, it can be easily combined with
other income-generating activities. Moreover, economies of scale are
relatively small in primary livestock production, but become more
important in processing and marketing.
In LFAs, most widespread constraints to livestock intensification
are the availability of feed, forage and fodder from different sources
(Mclntyre et al., 1992). Fertility and mortality rates, gestation periods
and inter-calving periods are influenced bv feed intake adequacy,
sanitary measures and infrastructure provisions (stalls), and veterinary
care activities (Hengsdijk, 2002). Alternatives have been developed
to reduce feed and water constraints, based on improved pasture
management (area rotation, silvo-pastoral systems), production of
leguminous fodder crops and the use of crop residues and industrial
sub-products (e.g. feedblocks in Northern Africa, cottonseed in West
Africa).
Success has been reached mostly in areas where increasing stocking
rates — associated with higher population density and land scarcity — and
more commercially oriented livestock production provoke a better
delineation of grazing and watering rights. Moreover, in closed settled
zones, livestock and crop systems become more integrated and land use
intensity, as well as labour input, increases with population densities.
Hoffman et al. (2001) found that, in remote areas of north-west Nigeria,
indigenous strategies to exchange manure for crop residues with
transhuman herders were still effective. Cattle played a key role in
nutrient recycling, thus taking advantage of spatial and temporal
variability.
In a similar vein, in intensive smallholder systems of upland Java,
cattle are permanently maintained in backyards and fed with indigenous
forage cut from field margins and roadsides (Tanner et al., 2001).
Intensive cropping cycles, high population densities and high livestock
densities leave little land for grazing. Although cut-and-carry feeding is
labour intensive, it is surprising that farmers collect quantities greatly in
excess of the requirements of their livestock. The refused feeds
associated with this 'excess feeding' are composted with animal manure
for subsequent use on surrounding fields. The compost contributed to
increased value by improving soil structure and water-holding capacity,
in addition to providing soil nutrients. Poor, landless households
participate in the cut-and-carry compost production system and thus
gain an important supplementary income.
Direct income effects of livestock development projects tend to be
attractive. Farmers participating in the Sichuan livestock development
project in China (with 68,000 direct beneficiaries) saw their average net
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income rise by almost 50%. In a similar vein, farmers in the Mahreq and
Maghreb programme in the Middle East reduced input costs for feeding
by more than 50%. In Indonesia, the IAF/WB Smallholder Cattle
Development Programme involved more than 70,000 smallholders in
livestock keeping and showed an economic rate of return of 16% (Afifi-
Affat, 1998).
Integration of cropping and livestock activities represents in semi-
arid areas a main strategy for income diversification, asset creation and
risk management. Livestock can reinforce arable cropping activities
through manure provision and animal traction. Household welfare
proved to be strongly dependent on the availability of both animal
traction and simple implements for timely land preparation (Berckmoes
et al., 1990). Access to better-quality feed and fodder reduces the
exclusive reliance on pastures and permits an increase in stocking rates.
Public and private financial and extension institutions played a catalytic
role in promoting sustainable intensification of mixed and integrated
crop-livestock systems in Burkina Faso, Mali and Tanzania (Williams et
al., 1999). Subsidized feeding programmes may, however, easily lead to
overstocking, and input subsidies artificially impose economies of scale.
Seed, breeding and biotechnology
The development of agroforestry and tree systems is strongly dependent
on the availability of high-quality germoplasm and planting material of
appropriate species that permit adequate planting intervals for specific
agroecosystems. Agro-pastoral and mixed rainfed cropping systems
could greatly benefit from new breeding technologies that increase crop
tolerance to drought and extreme temperatures, and improve pests and
disease resistance. Conservation tillage greatly benefits from herbicide-
resistant varieties. Breeding for resistant varieties of maize and beans
that are suitable for direct seeding holds potential environmental
benefits for developing countries, where these crops are often grown on
erosion-prone hillsides in LFAs.
Other prospects for genetically modified (GM) techniques are found in
the control of major diseases in livestock, nitrogen fixation in cereals and
new types of processed foods, etc. Cross-breeding and selection of native
breeds are used as procedures for genetic improvement and gradual
upgrading in animal systems, but artificial insemination and imported
breeds can be applied to speed up the process. The performance of
improved breeds tends to suffer from feeding and management problems,
and needs to be accompanied by strong training and extension activities.
GM techniques are an increasingly important part of crop
improvement strategies and can be potentially very useful for addressing
some location-specific production constraints faced by the poor in
marginal areas, for reducing environmental damage as well as for
producing more nutritious foods that are of particular importance for
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addressing malnutrition in LFAs. Since it is unlikely that the private
sector is willing to invest in research for areas with limited financial
resources, higher public investment in agricultural research is needed.
The same holds for marker-assisted breeding (not involving gene transfer)
in combination with Information and Communication Technology (ICT),
offering substantial promises for speeding up on-farm participatory
breeding to evaluate the potential of different varieties for LFAs.
Biotechnology also brings new risks and problems. Most current
agricultural biotechnology research is being undertaken by multinational
companies and caters to the problems of rich farmers and developed-
country consumers. Few outputs from this research will be appropriate
for farmers in LFAs. Crop varieties with built-in herbicide resistance
require much greater reliance on herbicides than is common in
developing countries, where most weeding is still done by hand. Crop
varieties that incorporate Bt genes for insect pest resistance need to be
surrounded by refuge areas of non-Bf varieties if insects are not to become
resistant. This may be hard to enforce in most developing countries.
Biotechnology might also bring environmental risks associated with the
release of genetically modified material (e.g. gene jumping, new pests)
and from the consumption of genetically modified foods (e.g. allergic
reactions, toxins). These risks are not yet fully understood and provoke a
great deal of anxiety among some segments of the public. National
institutions must have the capacity to evaluate these risks, and to
implement and rigorously enforce appropriate regulatory systems for
biosafety (Ruben et al, 2003).
Livelihood Strategies and Development Pathways in LFAs
In recent years, development practitioners and researchers have
emphasized the need to take into account the diverse set of activities that
individuals, households and communities undertake to sustain and
improve their livelihoods, and the underlying driving and conditioning
factors that promote or hinder livelihood improvement, in order to more
effectively address rural poverty, food insecurity and natural resource
degradation in developing countries (see Brons et al, Chapter 3, this
volume).
The sustainable livelihoods framework (SLF), promoted by the
Department for International Development of the United Kingdom
(DFID), emphasizes the role of the vulnerability context and household
assets (broadly defined to include physical, human, natural, social and
financial assets) in determining the livelihood strategies of individuals
and households (Ashley and Carney, 1999; DFID, 1999; see Fig. 1.2). In
the SLF, livelihood strategies are defined as the range and combination
of activities and choices that people make/undertake in order to achieve
their livelihood goals (including productive activities, investment
strategies, reproductive choices, etc.).
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Fig. 1.2. Sustainable Livelihoods Framework (SLF) (from Sustainable Livelihoods Guidance
Sheets (DFID), 1999).
Livelihood strategies are conditioned by transforming structures and
processes (the institutions, organizations and policies that shape
livelihoods by determining access to different types of capital, livelihood
strategies and decision-making bodies, and by affecting the terms of
exchange for and returns to investment in different types of capital} and
affect outcomes for individuals and households (such as changes in
income, well-being, vulnerability, food security and natural resource
conditions), which feed back to affect their asset endowments over time.
Households (and individuals) may change their livelihood strategies
over time as a result of changing opportunities and constraints. Pender
(2004) defines a development pathway as a common pattern of change in
livelihood strategies, focusing on community-level development
pathways.5 Examples of common development pathways found in the
work of Pender and colleagues in Central America and East Africa
include intensification of mixed food grains and livestock production,
adoption or expansion of perishable horticultural cash crops, expansion
of perennial cash crops and increased off-farm employment or non-farm
activity in combination with continued food crop production (Pender,
2004).B
As with the SLF, this work emphasizes a complex set of factors
influencing livelihood strategies at a given point in time and dynamic
processes of change in livelihood strategies, affected by national level
driving forces such as: (i) population growth, changes in technologies
and market prices; (ii) local conditioning factors such as local population
density, market access, agro-ecological conditions, local market
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development and local institutions and organizations; (iii) household
level assets; and (iv) government policies, programmes and institutions
affecting these (see Fig. 1.3). These factors influence households' choice
of income strategy and natural resource management decisions (both
part of livelihood strategies) which, in turn, affect outcomes including
agricultural production, natural resource conditions and income and
welfare, with feedback effects on the causal factors.
Although similar to the SLF, an important difference in this
framework of relevance to the study of LFAs is its emphasis on local
differences in geographical factors determining comparative advantage,
such as agricultural potential and access to markets and infrastructure,
in determining livelihood strategies. Based on these considerations,
hypotheses can be derived concerning which types of livelihood
strategies and development pathways have more potential and are likely
to be pursued in different development domains, including LFAs of
different types (Pender et ah, 2006a).
Key issues
These concepts and frameworks emphasize the heterogeneity of
situations in rural areas of developing countries, including LFAs, and
the complex set of factors that may influence livelihood strategies and
development pathways and their outcomes. Several key issues arise from
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Fig. 1.3. Factors affecting income strategies, land management and their implications (from
Nkonyaefa/., 2004).
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these frameworks as guides for policy-relevant empirical research in
LFAs:
1. What livelihood strategies and development pathways are heing/have
been pursued by individuals, households and communities in LFAs?
2. What are the impacts of these strategies and pathways on important
outcomes such as household income, food security, vulnerability and
natural resource degradation?
3. What key factors determine which livelihood strategies and
development pathways have been/are being pursued by individuals,
households and communities in different contexts of LFAs? What has
been the role of policies, institutions, programmes and organizations in
promoting or inhibiting development pathways that lead to better
outcomes?
4. What opportunities are there to pursue development pathways in the
future that will lead to better outcomes? What are the key constraints to
realizing these opportunities, and what is the role of policies,
institutions, programmes and organizations in facilitating this?
5. What trade-offs or complementarities between different outcomes and
across different target groups are likely to result from changes in
policies, institutions, programmes and organizations to promote
alternative development pathways?
Development pathways for LFAs
A substantial amount of empirical research has been conducted on many
of these issues. We do not attempt a full review of all relevant research to
these issues, but will highlight some key findings from recent literature
and from some of the studies included in this volume (see Chapters 3, 8,
9 and 10, this volume).
The empirical literature has shown that a wide variety of livelihood
strategies and development pathways are being pursued in LFAs
(focusing particularly on income strategies). These usually involve staple
food production as a primary or secondary activity, combined with an
array of other types of activities, usually including livestock production
and often including production of cash crops, off-farm employment and
non-farm activities (Ellis, 2000; Nkonya et al., 2004; Pender, 2004; Jansen
et al., 2006; Pender and Gebremedhin, 2006; Pender et al., 2006b). Rural
non-farm activities and off-farm employment are very important
components of household income in many rural areas of developing
countries (Reardon, 1997; Ellis, 2000; Barrett et al., 2001; Reardon et al.,
2001; Ruben et al., 2001; Stroosnijder and Van Rheenen, 2001; Ellis et
al., 2003; Ellis and Bahiigwa, 2003; Ellis and Mdoe, 2003; Nkonya et al.,
2004; Jansen et al., 2006; Pender and Gebremedhin, 2006).
However, in many LFAs, such opportunities are limited due to
limited access to opportunities in urban areas and limited opportunities
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in local markets resulting from low agricultural incomes (Reardon, 1997;
Barrett et aL, 2001; Ruben and Pender, 2004). In addition, entry into
more highly remunerated segments of the labour market is often
hindered by the costs of lumpy investments in training, relocation
and/or equipment that are usually required (Ruben and Pender, 2004).
Given limited off-farm and non-farm employment opportunities and low
agricultural productivity in many LFAs, dependence on food for work
(FFW), cash for work (CFW) or other employment-generation or
-assistance schemes can be quite high in some LFAs, such as drought-
prone areas of Ethiopia (Pender and Gebremedhin, 2006). In such
circumstances, income from migration and remittances is often quite
important. Other natural resource-based activities, including forestry and
fishing, are important in LFAs where such resources are available.
The outcomes of these different livelihood strategies vary across
different contexts, although livelihood strategies based primarily on food
production generally result in lower incomes and welfare conditions
than more diversified livelihoods, especially where there are
opportunities for cash crops, higher-value livestock production or non-
farm activities (Ellis, 2000; Holden ef aL, 2004; Nkonya et aL, 2004;
Pender, 2004; Jansen et aL, 2006; Pender and Gebremedhin, 2006; Place
et aL, 2006b). Consistent with the prior literature, Roa (Chapter 8, this
volume) finds that non-farm income-earning opportunities (through
handicrafts production) are critical to the welfare of households in a LFA
in the hillsides of the Philippines, and are a key factor differentiating
livelihoods and food security in the two communities studied. These
findings strengthen the case that expanding the opportunities for non-
farm income are critical for reducing poverty in LFAs.
Available evidence on the impacts of different livelihood strategies
on natural resource management and degradation suggests that these
impacts are highly context- and resource-specific. Pender ef al. (2001b,
d) found that adoption of improved land management practices and
improvements in cropland quality and forest availability were greater,
but that water availability was also more constrained, in communities
where horticultural expansion was occurring than where basic grains
production continued to dominate, consistent with the predictions of a
bio-economic model developed for a community in central Honduras by
Barbier and Bergeron (2001). By contrast, in Uganda, Pender et aL (2004)
found little impact of increased horticultural production on most land
management practices and indicators of changes in natural resource
conditions; while in northern Ethiopia, Pender et al. (2001c) found that
horticultural production was associated with improvements in soil
fertility in croplands but reduced forest availability.
Production of perennial cash crops such as coffee and bananas is
associated with adoption of several improved land management
practices (particularly organic practices) in Uganda (Nkonya et aL, 2004;
Pender et aL, 2004), the highlands of Kenya (Place et aL, 2006b) and
northern Ethiopia (Pender et aL, 2001a, c), but with less adoption of
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several land management practices in Honduras (Jansen et al., 2006).
Nevertheless, soil fertility depletion is more rapid in perennial
production (especially of bananas] in Uganda (Nkonya et al., 2005b).
Off-farm and non-farm activities are associated with greater adoption
of purchased inputs such as fertilizer and improved seeds in northern
Ethiopia, but with less use of manure and compost, probably due to
labour constraints (Pender and Gebremedhin, 2006). Similar results were
found in central Honduras, where communities and households pursuing
non-farm or off-farm activities were more likely to use agricultural
chemicals but less likely to use mulching (Pender et al., 2001b, e).
Access to off-farm employment has theoretically ambiguous impacts
on farmers' investments in soil and water conservation (SWC) measures:
it can reduce investment by increasing the opportunity cost of labour but
can increase it by increasing farmers' ability to finance labour and other
costs. The findings of Pender and Kerr (1998) for a village in semi-arid
India and of Clay et al. (1998) for Rwanda support the argument that off-
farm activities increase SWC investment. Kuiper and Ruben (Chapter 17,
this volume) predict that increased access to employment opportunities
through migration or CFW programmes will reduce erosion through a
different mechanism; i.e. by reducing the intensity of agricultural
production.
By contrast, the predictions of a bio-economic model for a community
in northern Ethiopia support the expectation that off-farm income
reduces investment in SWC and increases erosion (Holden et al., 2004).
For Uganda, non-farm activities are associated with increased fallowing
and reduced labour use in one recent study (Nkonya et al., 2005b), but
have limited impact on land management or labour use in two prior
studies (Nkonya et al., 2004; Pender et al., 2004). However, Pender et al.
(2004) found that increase in non-farm activities was associated with
community perceptions of reduced soil erosion and improved water
availability and quality in Uganda, while Nkonya et al. (2004) found that
dependence on off-farm income improved soil nutrient balances in
eastern Uganda. More evidence is needed on such issues in different
contexts to better identify the conditions under which non-farm or off-
farm opportunities will reduce or increase land degradation.
As with the outcomes of livelihood strategies, the factors determin-
ing livelihood strategies are also context dependent, although some
generalizations appear to follow from the available literature. For
example, several studies using different methods in different countries
find that higher-value cash crop production is more common in areas of
higher agricultural potential and better access to markets and
infrastructure (Pender et al., 2001c, d, 2004; Nkonya et al., 2004: Jansen
et al., 2006; Kruseman et al., 2006; Place et al., 2006a, b). Improved dairy
production has also been found to be promoted by favourable
agroclimatic conditions and market access in several studies in Kenya
(Staal et al., 2002; Place et al., 2006a, b), although results from other East
African countries are less clear (Pender et al., 2006b).
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Household-level factors, particularly human capital, also influence
livelihood strategies. Education of the household head is particularly
important in determining whether more highly remunerated off-farm
salary employment or rural non-farm activities can be pursued (Barrett et
al., 2001; Reardon et al., 2001; Nkonya et al., 2004). Gender also is a very
important determinant of livelihood strategies. In Ethiopia, for example,
female-headed households are prevented by a cultural taboo from using
oxen, which limits their ability to farm, and often results in such
households sharecropping out their land (Benin, 2006; Pender and
Gebremedhin, 2006; Tesfaye, Chapter 7, this volume).
In western Kenya, women are often left as land managers, while their
husbands migrate for off-farm employment, but lack decision-making
authority, which can limit their ability to invest in land improvements or
make other agricultural investments (Place et al., 2006b). In Uganda,
female-headed households are more likely than male-headed households
to use fertilizer, while households with more males use more of some
labour-intensive land management practices (Jagger and Pender, 2006).
Nevertheless, the difference in crop production between male- and
female-headed households is insignificant in Uganda (Nkonya et al.,
2004), suggesting that female-headed households are able to overcome
labour shortages in agricultural production by using other inputs. Over
the longer term, however, women's lack of inheritance rights to land can
undermine their ability and incentive to invest in land improvements.
In Honduras, female-headed households are less likely to be
involved in off-farm employment and more likely to be focused on basic
grain production as their income strategy, increasing the likelihood that
such households will remain poor. Consistent with these and many other
studies, Ali and Niehof (Chapter 9, this volume) find that gender
inequality contributes to lower incomes of female-headed households
and poor nutrition of women in Bangladesh, although there has been
improvement in women's status as a result of many government and
NGO programmes promoting improved female education, alternative
livelihoods for women and recovery after a major flood. Although such
social changes have not eliminated the gender gap, it appears to be
narrowing. These findings suggest that it is possible to address problems
caused by gender inequality through targeted programmes for women,
although a long-term effort is likely to be needed.
Social capital also has a strong influence on livelihood strategies. In
Uganda, differences in ethnicity are a major factor explaining differences
in livelihood strategies, and this may be in part due to differences in
social capital and experience as well as differences in consumer
preferences across ethnic groups (Nkonya et al., 2004). The success of
horticultural development for export markets in central Kenya depended
to an important extent on the presence of a local merchant class with
considerable international trading experience, and upon development of
long-term relationships (often personalized) between Kenyan exporters
and overseas buyers and distributors (Jaffee, 1995). Dairy production in
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central Kenya depended heavily upon the organization of effective dairy
cooperatives, supported by public policies (Staal, 1995). The absence of
a vibrant cooperative sector in Ethiopia is one of the important factors
explaining the more limited development of the dairy sector around
Addis Ababa (Staal, 1995).
Milagrosa and Slangen [Chapter 10, this volume) contribute in an
important way to the literature on social capital and its impacts on
livelihood strategies by analysing the nature of social capital, its
determinants and impacts on vegetable markets in a LFA in the
Philippines. They identify several types of social capital in their study
area, and find that bonding social capital is more important for vegetable
farmers and that bridging social capital is more important for traders.
They find several factors that are associated with the development of
social capital, including gender, education, religion, age and ethnicity of
the farmer, and argue that social capital is essential for the development
of vegetable markets. These findings could be helpful in guiding efforts
to target promotion of social capital in the Philippines and elsewhere.
Concerning opportunities to promote improved development
pathways in LFAs, the means to facilitate this and potential trade-offs or
complementarities among outcomes, several studies have addressed
these issues in different LFA contexts using bio-economic modelling
approaches. Barbier and Bergeron (2001) considered alternative policies
and technologies to promote more profitable and sustainable land use in a
micro-watershed in central Honduras. They found that infrastructure
development (including roads and low-cost irrigation) and dissemination
of improved technologies were critical contributors to the development of
horticultural production in this community, which was helping to
overcome the negative impacts of population growth and declining maize
prices.
For a community in northern Ethiopia, Holden et al. (2005) considered
alternative policies and programmes to promote sustainable development,
and found that the most promising option was to promote tree planting
on marginal lands combined with FFW programmes linked to investments
in soil and water conservation, which could substantially increase
household incomes while contributing to reduced land degradation.
Other approaches, such as fertilizer credit and promotion of off-farm
employment, had either limited or negative impacts on productivity and
were predicted to reduce farmers' investments in SWC and increase
erosion, leading to trade-offs between income and sustainability
objectives.
Okumu et al. (2002) reached similar conclusions based on their bio-
economic model of a community in central Ethiopia, i.e. that by
combining tree planting on marginal lands with technologies to promote
more productive crop production, substantial increases in productivity
and farm income were possible whilst reducing land degradation.
Woelcke et al. (2006) reached less optimistic conclusions using their bio-
economic model of a maize-producing community in eastern Uganda,
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finding that soil nutrient depletion was likely to continue at a rapid pace
even with very large subsidies on input or output prices. This is due
largely to the low response of maize to various technological options
tested in the study villages, leading to low profitability of efforts to
promote such options for maize production.
By contrast, Woelcke et al. (2006) found that significant improve-
ments in incomes and nutrient balances are possible by combining
improvements in the efficiency of input and output markets with
introduction of improved technologies, provision of credit and
promotion of labour exchange to relax labour constraints, although
nutrient depletion is likely to continue for most households. These
findings highlight the importance of providing opportunities for higher-
value crops and other livelihood opportunities to increase household
welfare, but also demonstrate that such shifts in livelihood strategies
may not be sufficient to ensure sustainable use of natural resources.
Targeted efforts to address such problems, such as the interlinkage of
FFW with conservation objectives, as investigated by Holden et al.
(2005), may be necessary.
The findings of Okumu et al. (2002), Holden et al. (2005) and
Woelcke et al. (2006) concerning the impacts of multiple interventions
suggest (but do not demonstrate) that there may be synergies among
different policies if combined. Kuiper and Ruben (Chapter 17, this
volume) make an important contribution to the literature on this issue by
investigating the impacts of alternative policies or programmes
separately and then jointly, and comparing the outcomes. They find that,
in most cases studied, there appear to be synergies among policies. For
example, combining a cash for work programme with investments in
infrastructure to reduce transaction costs leads to a substantially greater
reduction in poverty than the sum of the impacts of these individual
policies if implemented singly, because the income from the CFW
programme helps poorer households to overcome asset limitations that
otherwise constrain their ability to take advantage of new market options
resulting from reduced transaction costs. This is an important insight,
and the method developed to demonstrate such complementarities
should be applied in future modelling efforts.
Market Structures and Institutional Development
Rural households in LFAs are embedded in a socio-economic
environment characterized by market imperfections and institutional
failure. Analysing the relationship between market access, potential
agricultural productivity and development, Dorward (Chapter 19, this
volume) envisages three broad pathways for escaping from poor, high-
risk and thin markets. First, dramatic investment in market access
infrastructure may create pathways through, e.g. extensive (in more
remote areas) or intensive (in more accessible areas) livestock systems.
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Such pathways are likely to be least demanding in terms of productivity
potential while generating substantial marketable surpluses. A second
type of pathway reflects a sudden shift in productivity potential, e.g.
through investment in irrigation and/or the adoption of better
technologies. To generate a marketable surplus, staple food production
may be least demanding of market access (and productivity), but
conventional cash crops will certainly be more demanding of both.
The third and probably most common type of pathway is
characterized by more incremental technical, institutional and infra-
structure investment and is positioned between the two other types. It
most likely describes the potential for gradual livelihood improvements
in many LFAs without creating major surpluses, but the development of
horticultural crops for local and international markets is likely to fit this
pathway as well, although conditional on substantial market access and
marketing effort. In general, intensification of farming activities,
diversification into higher-value crops and farm size (and structure)
improvement need to be matched by improved access to markets in
order to absorb surplus produce.
Similar arguments for market access apply for the diversification out
of agriculture as part of a household's livelihood strategy (see also
Niehof, 2004; Brons et al., Chapter 3, this volume). These strategies or
pathways can take two forms: (i) local reliance on non-agricultural
activities, initially through labour diversification, but in case of self-
employment requiring a certain amount of start-up capital; and (ii)
migration to other areas to find employment in urban areas or more
productive agricultural activities elsewhere. The migration strategy
usually assumes relatively high capital endowments to finance new
activities elsewhere (in addition to some education, communication and
information networks). Sources of capital can be accumulated from past
remittances, savings from agricultural surpluses or other sources of local
wealth. In both strategies, overall labour mobility is likely to be
constrained by initial inequalities in wealth and human capital coupled
with an imperfect capital market.
Interestingly, all pathways for LFA development imply improved
access to, or functioning of, product and factor markets, as documented
in a number of case studies in this volume (see Chapters 12—15).
Although the case studies usually focus on particular elements of a
livelihood strategy, in reality a multitude of pathways or strategies can
be observed in most regions, reflecting unique local comparative
advantages (Pender, 2004). This phenomenon strengthens the argument
for market development as a prerequisite that is largely independent of
the particular pathway chosen.
The general need for market development also reduces somewhat the
importance attached by different authors to appropriate strategies for
LFAs. Thus, FAO/World Bank (2001) emphasizes exit from agriculture
(migration), off-farm activities and on-farm diversification (in that order) as
strategies for low-potential areas (defined as mainly rain-fed highlands and
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drylands). Dorward, Chapter 19, this volume, argues that (sustainable)
intensification ('stepping up') migration and non-agricultural activities
('stepping out') are promising strategies. Whatever combination of
strategies is adopted, the realization of an improvement of livelihoods in
LFAs crucially depends on a better functioning product and factor
markets.
Market imperfections
Markets are one particular form of exchange mechanisms, and the extent
to which they tend to function better than other ways of coordination or
exchange (formal and informal contracts, vertical integration, social
networks) depends on a variety of factors. Ahmed and Peerlings, Chapter
16, this volume, mention transaction cost, information, uncertainty,
specificity of transaction investment, frequency of exchange, number of
actors, entry and exit cost, product heterogeneity and (natural resource)
externalities as factors explaining market imperfections. With high
transaction cost and limited information, product as well as factor
markets may be thin or even missing. Poor infrastructure may cause
shallow markets that are regionally dispersed and show high price
fluctuations. Absence of credit facilities, e.g. because land markets are
missing so that land has no collateral function, can lead to interlinked
markets for, e.g. input supply, output and credit. Asymmetric
information on the side of buyers (traders) notoriously results in
imperfect competition favouring traders. Government interventions can
seriously distort markets (and create opportunities for rent seeking).
As many of the case studies show, such market imperfections tend to
be more frequent in and/or harmful for LFAs. As a consequence, LFAs
suffer substantial efficiency losses compared with other regions, where a
more favourable resource position has often enabled earlier market
development. Studies by Fan and Chan-Kang (2004) show how
investment in rural infrastructure can redress such inefficiencies by
reducing transaction cost and capturing externalities. Their work points
to high returns on investment and large contributions to poverty
alleviation, relative to better situated areas, of roads and public utilities,
education, research and development and, to a lesser extent, irrigation.
Product markets
Most of the cases focus mainly on product markets: (i) food staples (rice
in China, Chen Le and Peerlings, Chapter 15, this volume); (ii) vegetables
in the Philippines (Milagrosa and Slangen, Chapter 10, this volume); (iii)
food and cash crops in Ethiopia (Jaleta and Gardebroek, Chapter 14, this
volume); and (iv) apparel exports from Bangladesh (Ahmed and
Peerlings, Chapter 16, this volume).
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The transition in rice marketing from formerly state-owned trading
companies towards a system with private traders in three villages in
Jiangxi Province, south-east China, illustrates a variety of market
imperfections due to unfavourable natural conditions and high
transportation costs. After the reforms, markets remain thin, distorted
and oligopsonistic, with traders suffering from a missing credit market.
Moreover, local farmers are isolated from changes in the main
consumption centres so that price transmission is incomplete. Trust and
informal relationships (networks) therefore continue to play an
important role in exchange between farmers and traders. However,
communication by cell phones has reduced search cost and strengthened
the position of surplus farmers. Overall, and depending on the nature of
the initial market imperfections, those farmers situated closest to
consumption centres who are able to offer larger surpluses and have
good market access are expected to gain most from further liberalization
and deregulation.
Vegetable farming (carrots, potatoes and cabbage) in the province of
Benguet in the northern Philippines, an important production area, is
characterized by poor market access due to low-quality roads and risk of
landslides, and by limited agricultural potential as a result of soil
depletion and lack of irrigation facilities. The area provides the bulk of
vegetables for the national market, but local trading posts are incapable
of handling harvest overflows (shallow markets), postharvest losses are
high and physical market infrastructure for cold storage, handling and
communication is insufficient. Despite strong interpersonal networks,
trust within the farming community is low, and farmers are suspicious of
traders in matters of weight, grade and price of vegetables, resulting in
high transaction cost. The latter is related to asymmetric information,
giving traders power over an individual farmer. Produce is normally sold
using spot markets, but farmers prefer to deal with well-known traders
with whom they are acquainted. These traders also supply them with
inputs, cash advances and gifts, thereby creating interlinked transac-
tions.
The Ethiopian study focuses on farm household land and labour
decision making under imperfect factor and product markets in central
and eastern Ethiopia. High transaction cost to enter factor or products
markets causes the production and consumption decisions in a farm
household to become non-separable. Households satisfy their own
consumption needs first before considering allocating resources to high-
value cash crops, the price of which can bear high transaction cost. Risk
in those circumstances may further aggravate the wedge between buying
and selling prices, making households in these areas almost autarkic.
The empirical results show that, in this environment of risk and high
transaction cost, it is only those households who have access to their
own farm capital (in this case a motor pump for irrigation) and non-
farm income sources, that can afford to diversify into high-value crops.
The resulting higher land and labour productivity encourages them
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subsequently to rent more land and employ more labour. The shift
towards labour-intensive vegetables, in turn, contributes to higher
incomes for landless workers.
The rapid increase of apparel exports by Bangladesh under the
former (and discriminatory) Multi-Fibre Arrangement (MFA) illustrates
the major advantages enjoyed by an exit-out-of-agriculture strategy for
LFAs. Under the MFA, import quotas for apparel in the markets of
Europe and North America were less restrictive for Bangladesh than for
its competitors. As a result, Bangladesh enjoyed import tariff and import
quota preferences that gave the country an (artificial) competitive edge
over potentially stronger producers like India and China, as a result of an
(intended) market distortion.
Simulations using a GTAP general equilibrium approach of different
liberalization scenarios confirm the substantial welfare gains Bangladesh
enjoyed under the MFA regime. Almost 2 million workers, more than 90%
female, are currently employed by the export industry, of whom three-
quarters are migrants from poor rural areas that are able to send substantial
remittances back home. Better infrastructure and communications, as well
as product diversification, are needed to improve the competitiveness of
the sector and retain the past achievements under less-distorted market
conditions.
Interlinked factor and product markets
Market configurations in many LFAs are characterized by strong
imperfections at major factor markets, as well as interlinkages between
factor and product markets, both for reducing transaction costs and for
managing risk. The Ethiopia study (Jaleta and Gardebroek, Chapter 14,
this volume) on decision making regarding food and cash crops shows
how imperfections in the product market affect land and labour
allocation within the household, driving a wedge between the factor's
(lower) internal marginal value product and the possible remuneration
elsewhere. Farmers are aware of this discrepancy, but high transaction
costs in the product market justify the fulfilment of consumption needs
from own resources, even if this means forgoing higher returns outside
the household. Such interlinkages between different markets are typical
of many LFAs, and have been illustrated in two more cases: (i) cooking
banana, a staple and cash crop in Uganda (Bagamba et al., Chapter 12,
this volume); and (ii) participation in factor markets in the previously
mentioned rice production area in Jangxi Province, China (Feng et al.,
Chapter 13, this volume).
Cooking banana is a key staple food in Uganda and is produced
mainly for own consumption in low-elevation areas and for both
consumption and sale at higher levels of elevation. It has one of the best
functioning commodity markets in the country. In response to poorly
functioning financial and insurance markets, farmers react by diversifying
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their crops at the expense of banana, giving preference to subsistence
crops, engaging in off-farm employment and limiting the extent to which
they can grow labour-intensive (cash) crops. It is this behaviour that
explains why, in areas suitable for banana production, farmers allocate
more labour and land to sweet potato and cassava than to banana.
For the same reason, remote households allocate more resources to
the production of coffee (to obtain cash) and maize (for home
consumption), despite their low-value marginal products. As a result,
farmers close to consumption centres and in competition with off-farm
activities devote more of their household labour to low-value
subsistence crops rather than to higher-value bananas for sale. In more
remote areas, with limited off-farm opportunities, considerably more
labour is used for banana production. It is therefore the functioning of
other markets that enters into the explanation of factor allocation in
banana production in different regions.
In a sequel to the earlier Chinese study, an analysis was made of
village household participation in the land and labour market, showing
that these decisions are taken simultaneously, thereby linking the two
markets. To explain this phenomenon, the size of a farmer's land holding
plays an important role. Households with small land endowments may
not be wealthy enough to utilize off-farm employment, whereas those
with larger land holdings are likely to have difficulties renting out their
land and will prefer to work on-farm instead.
In general, the likelihood of being involved in migration shows an
inverted U-shaped relationship with the average age of adults in the
household. The turning point comes earliest for those that rent in land
(and need labour), and comes latest for households renting out. The
larger the household size and the fewer the number of dependents the
more likely is migration, but not local, off-farm employment (probably
because food requirements remain the same for local employment while
having less labour on the farm). Durable household assets, possession of
a land contract and access to a migration network all favour out-
migration. As such, this case emphasizes the important role of a
(temporary) 'stepping out' strategy to improve the livelihood of LFA
households.
Other options: looking beyond agriculture
To improve living conditions in LFAs many development pathways are
conceivable, as shown in this volume. The gradual conversion of low-
productivity systems through suitable technologies, economic incentives
(largely through well-functioning markets) and support services and
institutional innovation, emphasizes the important role external factors
can play. In general, what happens outside agriculture can be an
important force for LFA development, as Lipper et al. (Chapter 18, this
volume) argue. Using an induced innovation-type framework, they show
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for different categories of dry-land farming how economic development
and trade outside an LFA, coupled with local investment in irrigation
and a good market infrastructure, have transformed these farming
svstems into highly developed and competitive systems in many parts of
the world.
Such transformations can currently be observed in some LFAs (and
other rural areas for that matter) where the rapid development of the
non-farm rural economy, with newly emerging markets and support
services, pulls primary agriculture out of a state of low productivity
(Hazell et al., 2006). The rapid rise of supermarkets, changes in
consumer preferences away from 'bulk' quality and the concurrent
changes in food chain management and (international) outsourcing, have
created new opportunities for those agricultural suppliers able to meet
the technical, sanitary and phytosanitary standards of processing firms
and exporters.
New challenges for LFA producers are emerging here, as the
exchange mechanisms they face can be either contract farming or spot
markets and are characterized by considerable product differentiation.
Both institutional and market support have proved indispensable to
farmers in order to satisfy successfully the requirements posed by
modern food chains (Ruben et al., 2006).
Another relatively new opportunity for LFA development is the
provision of ecosystem services, as put forward in Lipper et al. (Chapter
18, this volume). To make a lasting contribution to the livelihoods of
poor households, the provision of such environmental services needs to
be integrated in the development pathways for specific LFAs, and
funding based on willingness to pay needs to be mobilized to actually
pay for these services as an additional source of income. In principle,
such schemes internalize positive externalities thus far provided for free
(and usually known to both private actors and local authorities). To the
extent that property rights to land and water can be recognized and
assigned to households, a market for these services can be created where
previously none existed.
Public international demand for ecoservices like climate change
mitigation, biodiversity conservation and the management of water
resources is emerging (for instance, through the Global Environmental
Fund) and, in some countries, national public demand is
institutionalized (China's programme to reduce soil erosion and water
pollution; Brazil's biodiversity conservation programme). Private sector
purchase of ecoservices is developing as well, as are market-based
implementation systems. What is currently lacking is knowledge about
the type of institutions that can facilitate the exchange of environmental
services for payments at low transaction cost and certified product
quality. Certain NGOs provide these mechanisms, but the transaction
cost remains prohibitively high for successful upscaling.
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Implications for Policy and Research
Based on our review of the options for farming systems intensification
and sustainable livelihoods that are available for rural households in
LFAs, we can discuss the effectiveness of policy instruments that may
support the resilience of LFA farming systems and their contributions for
escaping spatial poverty traps in LFAs. Targeting of incentives towards
resource-poor households and remote regions will be required to
guarantee simultaneous increase in the returns to land and labour.
Otherwise, institutional strategies for enhancing collective action and
reducing transaction costs tend to be critically important for enhancing
farmers' investments and enabling them to exploit their comparative
advantage.
Policy incentives
Public investments in LFAs have the potential to generate competitive, if
not greater, agricultural growth on the margin than comparable
investments in many high-potential areas, with a greater impact on the
poverty and environmental problems. Recent studies on India (Fan et al.,
2000), China (Fan and Hazell, 2001) and Uganda (Fan and Chan-Kang,
2004) have shown that many investments in LFAs now give comparable
or higher returns than investments in irrigated and high-potential rainfed
areas, having a greater impact on poverty as well. Targeting investments
in roads, agricultural research and education in LFAs seems to offer good
prospects for increasing productivity and contributes most to poverty
reduction.
In Uganda, sizeable differences are also observed among investments
across regions. Agricultural R&D and feeder roads appeared to be the
most profitable investments. In terms of poverty reduction, all types of
investments apart from health care generated the highest returns in the
northern region, where most of the poor in Uganda live, whereas
relatively small poverty impacts occurred in the most developed central
region. In all regions, agricultural R&D was the most effective investment
for cutting poverty. Feeder roads proved the second most effective
investment whereas health had, overall, a small impact on poverty
reduction.
On the whole, returns — in terms of agricultural productivity and
poverty — are still quite sizeable in Uganda's most developed regions.
This suggests that, in eastern Africa in some of the high-potential areas,
returns to public investment are still high. These results contrast
markedly with those for Asian countries, where for most investments the
estimated returns in the less-developed areas are substantially higher
than those in the high-potential areas.
The transformation of production systems and livelihood strategies
in LFAs also requires a set of local incentives to enhance the responsive
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capacity of communities and households (Vitale and Sanders, 2002).
Input support is frequently mentioned as an incentive for enhancing soil
and water conservation investment and crop diversification in mixed
cropping systems, and for pasture and tree crop improvement.
Results of input support measures are, however, rather mixed,
especially when implicit subsidies are involved. Even while farmers
have clear perceptions of the causes and effects of soil degradation,
general adoption of land conservation measures rarely takes place.7
Effective incentive regimes for sustainable land management and small-
scale irrigation programmes offer support for covering sunk costs and,
furthermore, focus on reinforcing the marketing structure (higher-value
crops, crop diversification) as a device for enabling farmers to make the
required investments. Furthermore, soil conservation and fertility
strategies that effectively combine short- and long-term interests of
farmers are likely to be better accepted by farmers (Erenstein, 1999).
Rural financial institutions, traditional rotating savings and credit
schemes (ROSCAs) have proved successful in providing access to resources
for agricultural intensification and income diversification. Local group-
lending schemes can offer a cost-efficient system of insurance against risk,
but tend to be biased in favour of wealthier farmers (Udry, 1990; Dercon,
1998). Institutional alternatives of area-based insurance that offer poor rural
households a suitable risk management option have now been developed
(Skees et ai, 1999).8
Animal systems usually require credit services with a long grace
period. Drought assistance schemes are used to support down-stocking
of animals in order to reduce stocking rates and to maintain cattle prices
during periods of high market supply.9 In Indonesia, livestock
acquisition for landless farmers is promoted through in-kind credit
facilities. Smallholder dairy credit in Kenya and Bangladesh provided
through local NGOs was successful in increasing productivity and
income, focusing on simultaneous improvements in genetics, milking
equipment, feed supplements, traction implements, marketing and
processing (De Haan et ai, 2001).
Water charges can be introduced as a step towards efficient water
distribution according to the real opportunity costs. In perspective,
tradeable water rights are considered an effective mechanism for
optimizing water allocation, although measurement problems still
inhibit a more general application (Pingali and Rosegrant, 2001).
Watershed protection programmes that focus attention on hillside and
upland conservation and sediment control may offer the additional
benefits of hydro-energy production and wildlife and biodiversity
conservation.
Food-for-work activities are frequently used for rural infrastructure
construction and the creation of soil and water conservation structures.
Drought-relief interventions that rely on food-for-work programmes can
be helpful in relieving the pressure on natural resources. The total costs
of food-for-work programmes are, however, extremely high (transport
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costs commonly take half of the resources) and participants typically
accept a lower cash wage to do the same work (Barrett and Maxwell,
2005).
Perennial tree crop and agro-pastoral systems can be stimulated
through sales of environmental services. Agroforestry and improved
pastures reduce the build-up of carhon dioxide and other greenhouse
gases (Dixon, 1995). Widespread adoption of agroforestry and other
methods of improved soil management in the tropics could lead to a
relative increase in soil carbon storage of about 1%. Indirect effects can
be much greater, reducing carbon dioxide emissions caused by forest
clearance. In a similar vein, mixed cropping systems in highland and
rainfed areas could generate local markets for environmental services for
their contributions to water management at watershed level.
Promotion of integrated pest (IPM) and nutrient management (INM)
practices in mixed highland and rainfed systems requires a thorough
training and participatory involvement of farmers to create sufficient
knowledge about biological and agronomic control practices. Farmers
field schools (FFS) that have offered such training in various Asian
countries provided a useful framework for experimental learning based
on field trials with different management practices, followed by joint
damage or impact assessment. Recent evidence indicates, however, that
poor upscaling has seriously reduced the impact of the FFS programme
in Indonesia.
Market development based on the domestication of trees in agroforestry
systems offers some prospects for non-timber forest products, like fruit,
flesh, kernels and seedoils. ICRAF identified promising perspectives for
particular products in the humid and semi-arid lowlands of West Africa,
the southern African plateau and in the Amazon region (ICRAF, 1999).
Success depends on further improvement of plant traits (clonal forestry),
increasing the length of the productive season, reducing tree height
and improving yield and product quality. More importantly, access
to export markets requires close collaboration with the food industry
engaged in the development of novel foods (e.g. antimicrobial properties of
some kernels for dental toothpaste, fruit pulp applications in processed
foods, etc.).
Finally, improved chain integration can be helpful in creating
prospects for sustainable resource management for tropical fruit, fish and
vegetables based on stable access to markets and information that enables
additional investment in quality management for increasing value added
(Kuyvenhoven and Bigman, 2002). While public market information
systems formerly received much attention, reliable private marketing
arrangements are now considered more important for enhancing stable
market access. Local processing also creates major rural, non-farm
employment opportunities. New procedures and practices for organizing
food supply networks - with direct contractual ties between primary
producers, processors and retailers - have emerged to cope with food
quality, safety and health demands (Glover, 1990; Key and Runsten,
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1999). These practices require the development of grades and standards,
together with agreements on best practices.
Property rights and community organization
Supporting the process of sustainable rural development and agricultural
intensification in highland and dryland areas requires institutional
structures that guarantee local stakeholders equitable access and legally
secure entitlements to assets, knowledge and information (Knox et ah,
2002). This would create the necessary conditions for demand-driven
and participatory processes of local technology development that are
responsive to the needs of poor people. Community social capital is of
primary importance for gaining access to markets and exchange
networks. Land use intensification in LFAs will become more market
oriented when local farmers' groups are able to achieve better market
integration for finding stable and rewarding outlets.
When the property rights of the rural poor to critical assets like land,
water, trees and pastures are sufficiently ensured and local communities
are able to exercise control over their resources, economic incentives for
initiating an endogenous process of technological innovations can be set
in motion. Improved resource management strategies for LFAs require
effective enforcement of property rights and a high degree of collective
action. Agroforestry and perennial tree crops are long-term investments,
and individual farmers will only plant trees if they have secure (land or
tree) property rights or leasehold arrangements enabling them capture
the future returns from their investment.
Improving shifting cultivation in highland areas relies on improved
fallow, with investments in contour ridges, formation terraces and fast-
growing, multi-purpose tree species that provide early returns. Control
of traditional slash-and-burn agriculture within community-based
watershed development and integrated nutrient and pest management
programmes puts a high demand on collective action. Migratory herding
and transhumant pastoralism in densely populated semi-arid areas
increasingly face land conflicts with rural communities regarding grazing
and water rights, and grazing codes are put forward for conflict
resolution. Agro-pastoral systems that use simple erosion control
measures, water-harvesting technologies and drought-resistant varieties
can be adopted by individual farmers as long as stable use rights are in
place. Mixed rainfed cropping in (semi-)arid areas relying on soil and
water conservation structures and weed control measures requires the
consolidation of fragmented holdings and regulatory measures regarding
access to land and water at community level.
In highland LFAs, property rights and tenure security strongly
influence prospects for agroforestry development. However, customary
land tenure systems in East Africa and Asia need not to be an
impediment for agroforestry investment (Bruce and Migot-Adholla,
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1993). In practice, land rights have become more individualized after
investments in tree planting took place. Community forestry systems are
gradually evolving towards individual tenure regimes (Otsuka and Place,
2001). Migrant herders rely on mobility of cattle over long distances as a
strategy to take advantage of spatial ecosystem variability. Recognition of
customary rights (pastoral codes) can be an effective way of reducing
overgrazing, but fiscal and price instruments (pasture fees) are less
effective in controlling stocking rates. In Mongolia, the legal recognition
of customary forms of pasture tenure provides better security to nomads.
Similarly, artisanal fisheries communities define territorial use rights for
matching catching capacity with resource productivity, guaranteeing
community members sequential access to different fisheries areas
(Allison and Ellis, 2001).
Pastoral organizations have also been successful in mobilizing
producers around input provision, but proved less effective in establish-
ing rangeland management procedures; customary institutions show
considerably better performance in this respect. Grazing and water fees
have been faced with implementation difficulties, and long-term
leasehold contracts proved to be a more effective means for controlling
pasture degradation. Upgrading of feed and water resources is most
successful in livestock programmes that focus on marketing and
processing in areas with increasing land scarcity. Forward market
linkages thus seem to be an important driver for technology adoption.
The reversal of rangeland degradation with agro-pastoral practices
requires clear regimes of property or grazing rights. Common property
of arid rangelands with well-identified membership, entry boundaries
and management rules and regulations can be an effective vehicle
for establishing coordination between independent livestock owners
(McCarthy et al., 1999). In addition, insurance systems that are able
to reduce risk support the adjustment of stocking levels and the
intensification of pasture management, although at the cost of greater
heterogeneity amongst herders and possibly reduced willingness for
cooperation (Hazell, 1999).
Secure tenure arrangements are especially important in encouraging
farmers to make major investments in soil fertility management and
watershed conservation. Well-defined (individual or community) property
rights provide incentives to farmers to control land degradation and to
enhance their efforts in appropriate soil and water conservation measures.
In Niger and Burkina Faso, secure family fields receive twice as much
manure and fertilizers as village fields (Stroosnijder and Van Rheenen,
2001). In South-east Asia, short-term sharecropping arrangements may
hinder investments in soil and water conservation, but long-term
leasehold contracts provide substantial positive incentives for improved
soil fertility management (Hayami and Otsuka, 1993).
Local organizations have been particularly successful in empowering
communities in overcoming social and institutional constraints. Improving
resource management in LFAs using participatory research methods can
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build on farmers' own knowledge and experiences (Goma et al., 2001;
Zurayek et al., 2001). Watershed protection programmes that focus
attention on hillside and upland conservation and sediment control ask for
a participatory approach involving a broad coalition of all stakeholders, as
well as a clear recognition of the 'public goods' character of watershed
services (De Graaff, 1996; McNeely, 2001). Decentralization of management
and community participation contributed to the success of watershed
programmes in India (Kerr et al., 2001). Additional financial resources
could be mobilized through the generation of hydro-energy, tourism and
the sale of environmental services like wildlife, biodiversity conservation
and carbon fixation.
Successful implementation of water management programmes that
benefit poor households is highly dependent on the regulation of water
rights and the procedures for water distribution. The social capital of
village institutions in Asia provides a wide basis for putting user
organizations in charge of water management and distribution (Meinzen-
Dick, 1997). Clear rules and regulations, as well as proper implementa-
tion and enforcement strategies, are needed to guarantee user partici-
pation. In a similar vein, control of soil erosion requires an institutional
framework for nutrient management at regional level in order to control
off-site effects. Strong community organization amongst farmers is also
required for controlling plant diseases that are easily spread, and
therefore require collective action. Early detection and understanding of
the field ecology enables farmers to determine critical levels of
infestation and the appropriate moment when interventions are required.
Institutional development of service provision, extension and training
are essential components for sustainable intensification. Decentralization
of authority and empowerment of local communities are of key
importance in overcoming resource constraints and contributing to
capacity building. Private delivery of inputs and services can be effective
for reaching poor households, although sanitary services related to
disease surveillance and food safety surveillance maintain a public goods
character (Umali et al., 1992). Community social capital is often of
primary importance in gaining access to markets and exchange networks.
Farming systems intensification in LFAs can become more market driven
when local farmers groups are able to establish stable and rewarding
outlets. However, for those services where missing markets persist (e.g.
for carbon fixation, food safety surveillance and insurance), collective
action, e.g. through state intervention, is still required.
Policy targeting
The identification of particular geographical areas for targeting LFA
development efforts is based on the assumption that location is a prime
determinant for poverty.10 Whereas large inequalities in living standards
and poverty incidence are registered between different geographical
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settings, focusing attention on such 'backward areas' can substantially
improve targeting efficiency (Bigman and Fofack, 2000).
Empirical evidence derived from several studies on geographical
poverty traps indicates that geographic factors (residence) have a strong
and significant effect on household wealth and consumption (Ravallion
and Jalan, 1996; Minot, 2000). Initial conditions consistently reduce
returns to private investment, and the stock of community capital has a
strong negative effect on the productivity of private investment. In
addition, health status is usually lower and educational levels are
limited, thus further reducing the returns to labour. This suggests that
households living in LFAs face critical geographical constraints and
meet consumption levels that are substantially lower than those of
otherwise identical households in better areas.
Whereas broad spatial targeting based on access and distance (road
density) criteria can be effective for reducing poverty due to adverse
(man-made and natural) geographic variables, differences in the distribu-
tion of private assets may negatively influence income distribution
(Escobal, 2005). Therefore, complementarities between social and
physical infrastructure and the role of local institutions need to be
seriously considered. Other studies suggest that substantial disaggrega-
tion is required and that attention should be focused on relatively small
administrative units (districts, villages), since a large part of the variation
in household income can be attributed to within-village differences in
resource endowments (Baker and Grosh, 1994; Jayne et al., 2003; Elbers
et al., 2004).
Within the framework of livelihood studies, far more attention is
given to social heterogeneity and the identification of 'people at risk'.
Vulnerable population groups are identified according to criteria of
gender, age, ethnicity, household size and education. It is noted,
however, that some of these individual characteristics tend to be
geographically correlated, since disadvantaged groups are likely to be
concentrated in remote and less productive areas (Van der Walle and
Gunewardena, 2001). Given equal endowments and location, dis-
advantaged and minority groups still receive lower returns to given
individual and household characteristics. Lower returns may, however,
be contested by behavioural responses that partly compensate for
geographical disadvantages. Even while the absolute advantage of poor
areas is limited, a wide diversity of development pathways can be
identified based on specific local, and individual relative, advantage
(Pender, 2004).
Frontiers for future research11
Many of the studies demonstrate the primary importance of identifying
profitable options for farmers in LFAs, if poverty is to be reduced.
Despite the importance of profitability of livelihood options, there is still
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a dearth of information about this. Recent literature has shed light upon
the profitability of some options in particular circumstances, but much
more needs to be known in order to develop effective targeted
interventions. There is still limited systematic and reliable information
collected on a regular basis about the profitability of different crop,
livestock or forestry combinations in different types of LFAs, or the
profitability of land management practices linked to these different
livelihood activities. Beyond estimating private profitability, information
on the social profitability of alternative activities in different domains is
also needed, taking into account externalities, market price distortions
and non-marketed inputs and outputs.
In addition, the social profitability of alternative public programmes
and investments also needs to be better understood, to help guide
development investors and governments as to where the highest returns
can be expected. The returns, costs, risks and social and environmental
impacts of other public investments — such as investments in
infrastructure, education, agricultural research and extension, and others
— are also not well quantified. More research is needed to estimate
the costs, risks and social and environmental impacts of alternative
investments.
To better assess such impacts, more long-term research with panel
data sets and dynamic models is needed to better understand the
dynamic relationships between: (i) policy and programme interventions;
(ii) local institutions and endowments of physical, human, natural,
financial and social capital; (iii) community and household responses in
terms of collective action, livelihood strategies and land management
practices; (iv) changes in production, income, land degradation and
other outcomes; and (v) the feedback effects of these responses and
outcomes on interventions, local institutions and endowments, and
future responses. It is difficult to know the extent to which communities
and households are trapped in a downward spiral or poverty trap,
stagnation, a virtuous upward spiral or other kind of dynamic
development path, or what the most effective interventions will be to
promote sustainable development, without better diagnosis of the
problems and the key causal factors and feedback relationships that are
driving them.
For example, some communities may be falling deeper into poverty
and depleting all of their endowments as a result of a lack of sufficiently
profitable investment opportunities for any type of capital. Unless
profitable investments of some kind can be identified, a sustainable
development solution may not be possible without promoting large-scale
emigration out of such areas. In other cases, communities and
households may be depleting their natural capital but investing in other
forms of capital that are yielding higher returns (Pender, 1998). Such a
development path may be sustainable as long as households are aware of
the depletion of natural capital, and will eventually address it
adequately as the returns from investing in natural capital increase
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relative to the returns from investing in other types of capital (Pender,
1998). Alternatively, they may not be sufficiently aware of the depletion,
may not have adequate incentive or ability to address it because of
externalities or other market failures, or may be crossing a threshold into
a poverty—degradation trap in which the costs are too high or the
marginal returns too low to maintain or restore the natural capital stock
(Pender, 1998; Barrett et al., 2002).
In order to prescribe effective actions, it is essential to diagnose the
problem correctly. If there is sufficient awareness and no major market
failure, the problem is likely to take care of itself as the relative returns to
investment in different types of capital adjust (Pender, 1998). If there is
insufficient awareness of the degradation problem, educational and
technical assistance approaches may be sufficient to solve it. If the
problem is due to market failures or a degradation trap, more intervention
will be necessary to address these causes. Without more information to
diagnose what kind of dynamic situations that communities and
households are facing, it will be difficult to prescribe effective remedies.
Even without dynamic information, however, it would be very useful
to identify areas and household types for which profitable livelihoods
and land management practices are feasible, but are not being pursued.
Where such untapped potentials exist, it is useful to investigate the
reasons why, and identify the extent to which policies, public
investments and programmes could facilitate fulfilment of these
potentials.
Investigation of synergies among different policies using a modelling
approach, as demonstrated by Kuiper and Ruben (Chapter 17, this
volume), can be very useful for this. Past research and the research in
this book has identified some examples of such potentials, such as
production of high-value commodities in areas of high potential close to
urban markets and tree-planting activities in many other areas, and has
also provided some insights into the reasons why such potentials are not
being more widely exploited. Further case studv research into these and
other promising livelihood options could yield valuable insights.
More historical case study research investigating the dynamics of
changes in income strategies, land use, land management, land degra-
dation, productivity and welfare outcomes — such as the influential case
study of Machakos by Tiffen et al. (1994) - would also be valuable. Such
long-term historical studies can yield a wealth of insights into the
processes of land degradation or improvement, and also into key driving
forces and responses that are not achievable using only cross-sectional
surveys of the type emphasized by many of the studies in this book.
However, the conclusions of such a focused case study can easily be
over-generalized.
Similar studies are needed in different development domains and
different historical, political and social contexts to draw more robust and
generalizable conclusions about the dynamics of livelihoods and
resource degradation, causes and responses in different LFAs. A
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combination of quantitative survey and qualitative case study research
methods, building on the strengths and addressing the weaknesses of
each approach, is more likely to produce clear and robust conclusions
than reliance on any single approach.
Finally, the scale of interventions and their impacts also need to be
better understood, and have been addressed in several studies (see Lopez
Ridaura et al., Chapter 2, and Dorward, Chapter 19, this volume}.
Interventions that are able to increase production and household income
when pursued on a small scale may lead to quite different impacts when
implemented on a large scale.12
Research tracing impacts across scales is needed, from the
assessment of impacts of policy and programme interventions on
adoption decisions at the plot - and household scale and their
implications for local natural resource conditions — to the impacts on
prices and other outcomes at the community, national and regional
scales. The feedback effects occurring between these scales must be
better understood and accounted for in planning interventions, if the
benefits of such interventions are to be maximized and unintended
negative impacts are to be minimized. The use of integrated bio-
economic models at farm-household, community and higher scales (as
illustrated by Jansen et al.. Chapter 6 and Kuiper and Ruben, Chapter 17,
this volume) is likely to be essential for a better understanding of these
impacts.
Endnotes
1
 LFAs also carry a disproportionate burden with vector-borne diseases (e.g. malaria,
plague) because of lack of preventive and curative care, and are affected by the
threats of HIV/AIDS, in part because return migrants bring the disease back home.
The associated decline in the available labour force of prime working age is leading
to rising dependency ratios, and available labour for maintaining and improving
natural resources becomes strongly reduced (Niehof, 2004). Income shortfalls affect
food consumption, while seasonal labour shortages lead to the removal of children
from school and the decline of gross primary enrolment rates. Rising health expen-
ditures for medical treatment force households to deplete their savings and eventu-
ally sell assets. In addition, agricultural knowledge and farm management skills get
lost and traditional social security systems may become disrupted.
-' Walker et al. (2000) assert that this is not the case in the northern Andes region,
where agro ecological and market conditions are more favourable in the Andes
mountains.
!
 The UNCXD defines drylands as arid (with average length of growing period (LGP)
< 60 days), semi-arid (LGP 60-119 days) or dry sub-humid (LGP 120-179 days)
areas.
"* The figures for shares of land seriously degraded are from Scherr (1999), who com-
bined the GLASOD categories of 'moderately degraded', 'strongly degraded' and
'extremely degraded' into the class of 'seriously degraded'. Oldeman ct al. (1991)
defined moderately degraded soils as having suffered greatly reduced productivity,
but which were still suitable for use in local farming systems; strongly degraded
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soils as soils in which productivity is virtually lost and are not suitable for agricul-
tural use without major restoration investments; and extremely degraded soils as
'human-induced wasteland' beyond restoration.
5
 Both livelihood strategies and development pathways may be studied at different
scales, such as at community, household or individual level.
6
 The empirical work of Pender and colleagues focuses on changes in income strate-
gies and natural resource management, which are subsets of the more encompass-
ing notion of livelihood strategies as defined by DFID (1999). Similar concepts have
been introduced by other researchers. For example, Scoones and Wolmer (2002)
refer to heterogeneous pathways of change in crop-livestock systems in different
contexts of sub-Saharan Africa, including: (i) development of mixed crop-livestock
integrated systems; (ii) integration of communal rangelands and individualized crop
production; (iii) specialization and separation of extensive livestock and crop pro-
duction; (iv) separate intensification of crop and livestock production; and (v) aban
donment of cattle production with intensification of small-farm garden agriculture
and off-farm income. Dixon et al. (2001) refer to household poverty reduction
strategies, including agricultural intensification, diversification, increased farm size
and increased off-farm income. While there are differences among these concepts,
they are similar in emphasizing dynamic processes of change in livelihoods.
7
 Local projects rely on direct and indirect incentives (input subsidies, free seed pro-
vision, food-for-work programmes, etc.) to stimulate adoption, but maintenance of
SWC structures is easily abandoned once these facilities are phased out (Feder et
al., 1985).
8
 Such schemes, already used in Mexico and piloted in India, index contracts to mea-
surements at local weather stations rather than individual experiences, and can be
provided by the private sector without the need for subsidies.
9
 Early interventions of this kind in the Isiolo district Kenya proved to be rather effec-
tive for maintaining purchasing power of pastoralists and stabilizing the local live-
stock sector. After drought, credit for new foundation stocks is provided to farmers
in order to re-establish their activities (De Haan ef al., 2001).
10
 Areas can be defined according to place and space characteristics. Place refers to
climate and soil conditions that limit returns to agricultural production and render
yields highly uncertain, especially under conditions of high population density.
Space refers mainly to distance to markets and services, occasioning high transac-
tion costs. In both settings, barriers to migration - cither because moving is costly
and risky or because people cannot move due to local patronage systems - could
easily lead to spatial poverty traps. Thin land markets and barriers to borrowing fur-
ther reduce the prospects for escaping from poverty.
11
 This subsection draws heavily from Pender et al. (2006b).
12
 For example, rapid adoption of improved maize varieties and fertilizer in Ethiopia
in the early 2000s led to a dramatic fall in maize prices and farmers' disillusion-
ment with the technology.
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